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ABSTRACT 


'  Field  experimentation  was  conducted  to  determine  the  relative  effec¬ 
tiveness  of  rifle  and  machineg-au  squads  aimed  with  US  7. 62mm,  Soviet 
7. 62mm,  Colt  5. 56mm  and  Stoner  5. 56mm  weapons.  This  report  describes 
the  experiment,  the  effectiveness  measures  us^,  the  results,  and  the 
conclusions.  Results  are  concerned  with  training,  materiel  reliability, 
and  the  fire  eKectiveness  of  squads  armed  with  the  different  weapons  and 
firing  both  simplex  and  duplex  ball  ammunition.  Measures  of  effectiveness 
were  the  level  of  target  effects  and  the  ability  of  the  weapons  to  sustain 
the  effects.  Data  includes  the  number  of  targets  hit,  total  number  of  hits 
on  targets,  number  of  near  misses  as  an  indication  of  suppressive  effects, 
and  the  amount  of  ammunition  expended— all  as  a  function  of  time.  Squad 
size,  organization,  and  we^)on  system  wei{^t  were  held  constant. 

Squads  armed  with  low  impulse  5. 56mm  weapons  were  superior  to 
squads  armed  with  7.62mm  weapons  in  target  effects,  sustainability  of 
effects,  and  overall  effectiveness.  Duplex  ball  ammunition  was  generally 
superior  to  simplex  ball  ammunition  at  close  ranges.  Data  are  related  to 
legality  indices  in  a  separate  classified  annex.  Considerations  of  lethality 
support  experimentation  results  indicating  the  superiority  of  5. 56mm 
weapons. 


FOR  OFFICIAL  USE  ONLY 


SECTION  I 
INTRODUCTION 


This  report  describes  USACDCEC  SAWS  (small  arms  wesson  systems) 
field  experimentation  completed  21  February  1966.  A  previous  USACDCEC 
SAWS  report,  dated  31  January  1966,  Included  only  the  experimentation 
completed  by  24  December  1965. 

This  report  supersedes  the  31  January  report,  updating  it  with  the 
field  e;q}erimentation  and  associated  analyses  conducted  after  24  Decern- 
ber.  AU  conclusions  of  the  previous  report  remain  valid,  but  they  have 
been  supplemented.  Additional  ii^ut  data  refinements  and  a  more  precise 
treatment  of  computer  produced  data  have  resulted  in  some  changes  in  the 
numerical  data  presented  for  some  of  the  experimental  situations.  These 
data  refinements  accentuate  and  clarify  differences  in  we^n  mixes  pre¬ 
sented  in  the  31  January  report  but  result  in  no  significant  changes  in 
either  the  performance  measures  or  the  rank  order  of  wei^ns. 

The  report  consists  of  nine  sections.  This  first  section  identifies  the 
purpose,  scc^e,  objectives,  phasing  and  location,  concept  and  general  con¬ 
duct  of  the  experiment.  Section  n  details  the  experimentation  design,  includ¬ 
ing  a  description  of  the  e^qierimentation  ranges  and  the  effectiveness  cri¬ 
teria  used.  Section  m  explains  the  method  of  data  presentation  and  analysis. 
Sections  IV,  V,  and  VI  present  the  results  of  the  experiment  as  related  to 
training,  materiel  reliability,  and  fire  effectiveness,  and  Section  Vn  pre¬ 
sents  the  results  of  an  e;q}eriment  comparing  simplex  ball  and  duplex  ball 
ammunition.  Section  vm  consists  of  a  brief  note  on  the  implications  of 
existing  lethality  data  to  the  SAWS  findings,  referring  the  reader  to  a 
separate  classified  annex  for  the  primary  lethality  analysis.  Major  USA¬ 
CDCEC  conclusions  of  the  SAWS  experiment  and  analysis  are  presented  in 
Section  IX.  Reference  data  are  contained  in  Annexes  A  through  C.  A  sep¬ 
arate  volume  is  planned  to  provide  detailed  engineering  design  information 
and  specifications  of  the  instrumentation  used  in  the  SAWS  e3q)erlment. 

A.  PURPOSE 

The  purpose  of  the  SAWS  field  experiment  was  to  assist  in  the  evalu¬ 
ation  of  designated  candidate  small  arms  weapon  systems  as  part  of  the 
Army-wide  SAWS  program. 

B.  SCOPE 

The  following  specific  experimentation  tasks  were  assigned  by 
USACDC  directives: 
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1.  DetermiiuiUon  of  the  relative  fire  effectiveness  of  dismounted 
■quads  armed  with  various  mixes  of  rifles,  automatic  rifles,  and  machine- 
guns,  Including  Soviet-type  weapons. 

1 

2.  Determination  of  the  relative  fire  effectiveness  of  squads  armed  | 

with  standard  US  7.62mm  weapons  firing  duplex  ball  ammunition,  com- 

pMured  with  squads  firing  ball  ammunition. 

3.  Provision  of  certain  data,  such  as  firing  scores,  that  might  pro¬ 
vide  some  Insitdtt  Into  the  relative  ease  or  quality  of  training  afforded  by 
the  different  weapon  systems,  as  a  byproduct  of  the  preparatory  training 
phase  of  the  experiment. 

C.  OBJECTIVES 

The  outline  plan  iqiproved  i:^  USACDC  assigned  ei^t  main  objectives:  ! 

1.  As  a  byproduct  of  experimental  design,  development  of  a  quanti¬ 
tative  effectiveness  criterion  by  which  rifle  and  machlnegun  squads  armed  ^ 

with  candidate  weapon  systems,  can  be  compared  under  tactical  conditions. 

2.  Provision  of  hard  data  for  determining  the  combat  effectiveness 

of  candidate  weiq)ons  within  an  organizational  and  tactical  context.  I  > 

I 

3.  Provision  of  data  to  assist  in  determining  the  increases  or  de¬ 
creases,  If  any,  in  manpower  implied  by  the  candidate  weapon  systems 
for  use  In  cost  effectiveness  analysis. 

I 

4.  Provision  of  comparative  data  on  the  tactical  ammunition  con-  \ 

sumption  rates  of  candidate  weapons,  relative  to  target  effects  achieved,  j 

as  one  Input  into  cost  effectiveness  studies  of  increases  or  decreases  In 
ammunition  requirements  implied  by  the  various  weapons. 

! 

5.  As  a  byproduct  of  the  preparatory  training  phase  of  the  experl-  | 

ment,  provision  of  data  on  the  relative  training  effectiveness  of  the  candi¬ 
date  weapons. 

6.  Identification  of  weapon  characteristics  that  produced  superior  ’ 

fire  effectiveness  within  an  experimental  organizational  and  tactical  con-  { 

text.  i  ^ 

i 

7.  Provision  of  data  resulting  from  the  field  experimentation  for 
use  in  computer  simulation. 

i 

8.  Contribution  to  such  Infantry  Rifle  Unit  Study  (IRUS)  answers  as  , 

the  SAWS  project  can  practically  afford  without  prejudice  to  the  constraints 

of  time,  resources,  and  SAWS  objectives. 
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D.  PHASING  AND  LOCATION 


The  experiment  was  accomplished  at  Fort  Ord  in  four  phases. 

Phase  I  — •  Preparation  (23  February  1965-30  September  1965) 

Phase  n  ~  Training  (24  August  1965-21  October  1965) 

Phase  ni  —  Field  E^erimentation  (22  October  1965-21  Feb¬ 
ruary  1966) 

First  Increment  (22  October  1965-24  December  1965) 

Second  Increment  (3  January  1966-21  February  1966) 

Phase  rv  —  Analysis  and  Reporting  (18  December  1965-10  May 
1966) 


E.  CONCEPT 

The  experiment  was  conducted  to  determine  the  relative  fire  effec¬ 
tiveness  of  rifle  squads  and  machinegun  squads  armed  with  candidate 
weapons  in  the  context  of  rifle  platoons  and  companies  in  various  tactical 
situations.  Squad  weapon  system  weight  and  the  size  and  control  structure 
of  the  squad  were  held  constant.  Squads  were  armed  with  the  candidate 
wesqjon  systems  and  Soviet-type  weapons.  The  squads  were  then  employed 
in  the  same  representative  tactical  situations  on  instrumented  ranges  using 
selected  firing  techniques. 

The  experiment  was  unique  because  it  integrated  the  following  related 
aspects  of  the  e:q}erimental  design: 

1)  Evolution  and  application  of  a  meaningful  measure  of 
combat  fire  effectiveness  of  infantry  squads 

2)  Procurement  and  installation  of  instrumentation  to 
sense  and  record  events  that  supported  the  measure  of 
fire  effectiveness  as  a  function  of  time  and  target 
arrays  that  realistically  simulate  an  enemy  in 
tactical  situations 

3)  Assignment  of  enough  soldiers  (975)  as  experimenta¬ 
tion  subjects  to  allow  the  assignment  of  six  independent 
squads  to  each  weapon  mix,  permitting  a  balancing  of 
runs  to  reduce  the  effects  of  differences  in  Individuals' 
and  extraneous  variables  in  the  environment. 


1-3 


F.  CONDUCT  OF  EXPERIMENT 


The  experiment  was  designed  to  provide  Immediate  answers  for  the 
SAWS  evaluation  while  concurrently  making  a  long  term  contribution  to 
knowledge  of  the  effectiveness  of  i^antry  small  arms  in  a  tactical  and 
organizational  context  in  support  of  IRUS. 

USACDCEC  used  97S  experimentation  subjects  In  the  experiment,  with 
the  subjects  organized  Into  infantry  squads  armed  with  candidate  w<-:Apon 
mixes.  The  squad  weapon  mixes  were  evaluated  in  nine  meaningful  tacti¬ 
cal  situations  on  three  Instnunented  ranges.  A  total  of  1007  record  runs 
were  conducted. 

The  field  experiment  was  conducted  in  a  platoon  framework  employing 
nine-man  rifle  squads  and  seven-man  machinegun  squads.  The  instrumented 
ranges  provided  target  arrays  consisting  of  targets  that  simulated  the  im¬ 
portant  aiming  cues  associated  with  personnel  targets.  The  design  of  the 
instrumentation  permitted  collection  of  target  hits,  near  misses,  and  rounds 
fired  as  a  function  of  time,  all  of  which  can  be  related  to  various  combat 
firing  distances.  The  sensing  and  recording  of  data  was  largely  automated. 
The  large  number  of  record  runs  and  the  depth  of  data  established  a  data 
base  that  has  been  only  partially  analyzed  for  this  report. 

Formal  weapon  training  was  conducted  to  ensure  that  all  personnel 
were  equally  quklified,  to  the  extent  possible,  to  participate  as  experimen¬ 
tation  subjects. 

Exploratory  firing  was  conducted  to  obtain  data  for  assessing  best 
firing  techniques,  to  identify  operational  policies,  to  validate  safety  and 
control  procedures,  and  to  evolve  the  most  meaningful  tactical  situations. 

The  first  increment  of  field  experimentation,  conducted  from  22  Octo¬ 
ber  1965  to  24  December  1965,  adc^essed  the  objectives  assigned  and  pro¬ 
vided  the  data  base  for  the  initial  findings  and  main  conclusions  of  the  31 
January  1966  report.  The  first  Increment  also  identified  the  need  for 
additional  hig^  priority  e^qjerlmentation.  This  follow-on  experimentation, 
from  3  January  to  21  February  1966,  completed  the  initially  planned  and 
follow-on  experiments.  Completion  of  this  additional  field  experimenta¬ 
tion  has  allowed  the  initial  findings  to  be  refined  and  expanded. 
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SECTION  II 

EXPERIMENTAL  DESIGN 


Part  A  describes  the  general  characteristics  of  the  experiment. 

Part  B  describes  the  weapons  used  in  the  experiment  and  the  manner  in 
which  they  were  organized  into  mixes  of  weapon  types  in  a  squad  context. 
Part  C  provides  a  broad  general  description  of  the  instrumentation  and 
equipment  used  in  the  experiment.  (A  detailed  description  of  instrumenta¬ 
tion  appears  in  Annex  B.)  Part  D  discusses  the  organization,  control, 
and  training  of  personnel.  (The  training  programs  and  implications  of 
training  for  the  various  weapons  are  more  fully  discussed  in  Section  IV.) 
Part  E  details  experimentation  procedures,  including  operational  policies 
and  administrative  procedures.  The  control  and  balance  of  experimental 
variables  is  discussed  in  this  section.  Part  F  details  each  of  the  experi¬ 
mental  tactical  situations  used  to  evaluate  the  performance  of  the  various 
weapon  mixes.  The  SAWS  combat  effectiveness  criteria  are  outlined  in 
Part  G,  and  their  value  in  the  SAWS  analysis  is  discussed  here. 

A.  GENERAL  CHARACTERISTICS  OF  THE  DESIGN 

The  USACDCEC  fiel<\experiment  was  designed  to  measure  the  fire 
effectiveness  of  three  US  and  one  foreign  weapon  families  in  a  small  unit 
organizational  context  and  in  representative  tactical  situations.  To  achieve 
this  objective,  three  tactical  ranges  were  constructed,  each  representing 
separate  but  related  squad  tactical  situations.  Each  range  provided  two 
rifle  squad  situations  and  one  machinegun  squad  situation;  the  experiment 
encompassed  six  rifle  squad  and  three  machinegun  squad  scenarios. 

Instrumented  target  arrays  were  laid  out  for  each  tactical  situation 
and  targets  were  programmed  to  appear  to  the  experimentation  subjects, 
in  conjunction  with  the  firing  of  weapons  simulators,  in  a  way  that  would 
provide  subjects  visual  and  audible  target  cues  normally  encountered  in 
combat.  Instrumentation  designed  to  measure  near  misses  in  I'elation 
to  targets  was  used  on  two  of  the  ranges.  All  target  elements  were  de¬ 
signed  to  detect  hits  (and  some  to  detect  near  misses)  as  a  function  of 
time.  Important  qualities  of  the  experiment  are  the  recording  of  events 
as  a  function  of  time  and  the  inclusion  of  near  misses  as  an  indication  of 
suppressive  effects.  Included  in  the  experiment  are  three  primary  design 
elements:  1)  the  competing  weapons  and  their  associated  mixes  within  a 
constant  size  organization,  2)  the  targets  and  their  associated  instrumen¬ 
tation,  and  3)  the  tactical  situations  embodied  in  the  three  ranges. 
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n.  KXPEUIMFNTATION  MATEIUEL 


Wcnivins  nnd  Ammunlflon 


The  experimentation  weapons  consisted  of  13  weapons  of  four 
families.  The  weapons,  listed  below,  are  illustrated  in  Figures  2-1 
through  2-4. 


l’S7.f)2mm  Colt  .^..^Brnm  Stoner  5.. IBrnm  Soviet  7,62mm 

Ml 4  rifle  Ml 6E1  rifle  Stoner  rifle  AK47  rifle 

M14E2  AR*  Colt  AR  Stoner  AR  -  -  - 

M60  bipod  MG**  -  -  -  Stoner  bipod  MG  RPD  (squad  level) 

bipod  MG 

M60  tripod  MG  -  Stoner  tripod  MG  DPM  (company 

level)  bipod  MG 


Weaixins  of  the  US  7.62mm  family  and  the  M16E1  rifle  of  the 
Colt  far^iily  are  currently  standard  US  weapons.  The  other  5.56mm 
weapons  (Colt  automatic  rille  and  Stoner  family)  are  US  developmental 
weajxjns.  Weapons  of  th  •  So\iet  family  are  Soviet-type  weapons  found  In 
scx'eral  armies.  Those  used  in  the  experiment  were  manufactured  in  East 
Germany,  the  Soviet  Union,  and  Communist  China;  parts  and  ammunition 
were  interchangeable.  The  Stoner  family  was  designed  for  maximum  Inter- 
changeal)ility  of  part.s  and  components  between  weapon  types,  although  the 
other  weapon  families  also  posses  varying  degrees  of  interchangeability  of 
parts  between  weapon  types. 


A  basic  purpose  of  this  experiment,  implied  in  the  candidate 
wc.'i|xins  selected,  was  to  evaluate  fire  effectiveness  of  low  muzzle  impulse 
and  high  muzzle  impulse  weapons.***  The  Stoner  and  Colt  5.56mm 
systems  are  of  the  low  muzzle  lm|>ulse  type.  The  standard  US  7.62mm 
weapons  are  high  muzzle  impulse  weapons  firing  the  standard  US  7.62mm 
(N.\TO)  cartridge.  The  Soviet  rifle  .and  RPD  squad-le\el  machinegun 
cartridges  are  considered  intermediate  impulse  cartridges,  while  the 
Soviet  company -level  machinegun  (DPM)  fires  a  cartridge  with  energy 
similar  to  the  US  7.62mm  (NATO)  cartridge.  Figure  2-5  illustrates  the 
ammunition  tj’pes  used  in  the  SAWS  Field  Experiment. 


The  nominally  standard  US  7.62mm  duplex  cartridge  has  two 
tandem  loaded  7.G2mm  projectiles  that  together  weigh  slightly  more  than 

*  .\R  -  .Automatic  Rifle 

**  MG  -  .Machinegun 

*•*  Tal)lo  C-6  (Annex  C)  presents  the  comparative  ammunition  character¬ 
istics  of  low  im.pulse  5.56mm  ammunition  and  high  impulse  US  7.62mm 
ammunition. 
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■  Soidet  Type  Ml 943  Ball  (Finnish) 

Figure  2-5  TYFFS  OF  AMMUNITION 


’  * 


the  standard  simplex  projectile  and  have  a  lower  velocity  than  the  simplex 
round.  The  duplex  round  was  designed  to  increase  hit  probability  at  ranges 
to  about  300  meters. 

Details  of  weapons  and  ammxinltion  characteristics  are  listed  in 

Annex  C. 


The  candidate  weapons,  ammunition,  and  spare  parts  for  the 
experiment  were  selected  and  provided  by  the  Army  Materiel  Command 
(AMQ.  Except  for  the  Soviet -type  weapons,  the  weapons  were  in  new 
condition  when  USACOCEC  received  them. 

Weight  characteristics  of  the  candidate  and  Soviet  weapons  are 
summarized  in  Table  2-1.  Tbls  table  also  shows  the  weapon  ammunition 
basic  loads  used  in  this  experiment.  System  weights  used  in  determining 
the  relative  fire  effectiveness  of  the  experimentation  weapons  were  those 
of  the  current  standard  7.62mm  weapons  with  currently  prescribed  basic 
loads.  These  weights  were  adopted  to  hold  squad  systems  weight  constant 
and  the  weights  represent  current  Army  weight  doctrine;  these  current 
ammunition  loads  have  been  determined  to  approach  the  maximum  per¬ 
missible  weight  and  to  be  heavier  than  desirable.  *  For  detailed  comparative 
data  on  weapons  and  ammunition,  see  Annex  C. 

2.  Organization  of  Materiel  for  Experimentation 

For  comparisons,  system  wel^ts  and  the  size  and  structure  of 
the  squad  were  held  constant,  but  the  weapon  mixes  were  varied.  These 
mixes  are  shown  in  Table  2-2.**  Squad  ammunition  basic  loads  for  these 
weapon  mixes,  based  on  the  individual  weapon  loads  given  in  Table  2-1, 
are  also  shown  in  Table  2-2. 

C.  INSTRUMENTATION 

On  each  range  were  instrumented  target  arrays  connected  by  buried 
cables  to  a  control  and  recording  van  behind  the  firers .  Each  target 
element  of  an  array  consisted  of  some  or  all  of  the  following  components: 

1)  A  target  body  with  a  hit  sensor,  representing  a 
kneeling  or  standing  soldier  or  the  head  and 

*  A  Study  to  Conserve  the  Energy  of  the  Combat  Infantryman,  USACDC, 

5  February  1964. 

**  The  squad  weapons  mixes  were  selected  to  permit  comparison  of  the 
weapons  for  the  SAWS  experiment;  they  were  also  designed  to  provide 
building  blocks  of  data  that  could  be  used,  with  an  IRUS  scaling  ex¬ 
periment,  to  compute  the  small  arms  fire  effectiveness  of  alternative 
squad,  platoon,  and  company  organization. 


Table  2-1 


COMPARATIVE  WEIGHT  AND  AMMUNITION  BASIC  LOAD 


Rifles  in  Rifle  Squad 

ARs  and  MGs  in  Rifle  Squads 

Item 

M14 

M14E2 

M16E1 

Stoner 

AK47 

M14E2 

Colt  AR 

Stoner  AR 

M60  Bipod 
MG 

■een 

eapon  (unloaded) 

9. 69  lb 

12. 56  lb 

6.  S7  Ib 

8. 25  lb 

8.  75  Ib 

12. 56  lb 

8. 00  lb 

10.62  lb 

24. 37  Ib 

11.44  1 

eapon  (loaded) 

11.27  1b 

14. 14  lb 

7.87  1b* ** 

9.52  lb* 

10.87  lb* 

14. 14  lb 

9.00  1b*  { 

11.89  1b* 

31.77  lb* 

16.43  I 

pod  and  case 

C 

0.  75  lb 

1.32  lb 

c 

0. 75  Ib 

1.32  Ib 

c 

1.32  I 

•Ipod 

are  barrel  kit 

•unds  available  at 
stem  weight  current 

100  rd 

60  rd" 

300  rd 

180  rd 

120  rd 

260  rd 

724  rd 

492  rd 

120  rd* 

600  rd 

1  Anx^  7.62mm 
japon^ 

17.59  lb 

(17, 30  lb) 

(17.62  lb) 

(17. 19  Ib) 

(17.23  lb) 

33. 10  lb 

(33. 10  Ib) 

(33.08  Ib) 

(33.08  Ib) 

(32.72  11 

tapon  system  weight 
equal  numbers  of 

17. 59  lb 

20.46  lb 

11. 12  lb 

14.  IS  Ib 

1 

;  16.44  1b 

33. 10  Ib 

17.50  lb 

23. 12  lb 

48.41  lb' 

21.56  I 

unds 

100  rd 

(100  rd) 

(100  rd) 

(100  rd) 

I  (100  rd) 

260  rd 

(260  rd) 

(260  rd) 

(260  rd) 

(260  rd 

NOTE:  System  weights  and  ammunition  basic  loads  for  all  weapons  in  rifle  s<]v 
on  one-man  loads.  Those  for  machlnegun  squads  are  based  on  three-m> 
(a  three-man  gun  team). 


*  30-round  aluminum  magazine 

*  30-round  steel  magazine 

^  Bipod  organic  to  the  weapon 

**  60  rounds  at  rifle  system  weight;  however,  80  rounds  were  allowed 
^  100-round  bandoleer 

*  ISO-round  bandoleer 

*  100-round  drum 


"  A  rifleman  was  used  as  a 
caliber  .43  pistol.  Com* 
(17. 59  lb)  and  die  gunner 
ammunition  in  bandoleer! 

'  Includes  weight  of  the  pis 
■*  47-round  drum 

*  200-round  metal  box 
^  900-round  metal  box 

”  System  weight  is  based  o 
rounds  of  ammunition  in  t 
for  assistant  gunner  and  i 

*  Computed  on  the  basis  of 
cartridge  is  S.  55  percent 

Q 

Three  900-round  metal  bi 


Table  2-1 

AMMUNITION  BASIC  LOADS  BY  WEAPON 


ARs  and  MGs  In  Rifle  Squads 

MGs  In  Machinegun  Squads 

1 

Stoner  AR 

MOO  Bipod 
MG 

mm 

RPO  MQ 

M60  Tripod 
MG 

Stoner 
Tripod  MG 

DPM  MG 

M60  Bipod 
MG 

Stoner 
Bipod  MG 

RPDMO 

1 

10.62  lb 

24. 37  lb 

11.44  lb 

14.93  lb 

24.  06  lb 

10.81  lb 

22.  00  lb 

24.37  Ib 

11.44  lb 

14. 93  lb 

1 

11.89  lb" 

31.77  lb‘ 

16.43  lb' 

20.66  lb" 

31.46  lb® 

IS.  80  lb' 

27. 70  lb  •• 

31. 77  lb® 

16.43  lb' 

20. 66  lb® 

1 

1.32  lb 

c 

1.32  lb 

c 

c 

C 

1.32  Ib 

C 

1 

17. 37  lb 

19. 37  lb 

1 

12.56  lb 

5.87  lb 

4.88  Ib 

12. 56  lb 

5.87  lb 

1 

492  rd 

(33. 08  lb) 

120  rd" 

(33. 08  lb) 

600  rd 

(32. 72  lb) 

300  rd® 

(32. 12  lb) 

800  rd 
129.65  lb" 
900  rd 

129. 49  lb 

2298  rd® 
(120.63  lb) 
2545  rd' 
(129.63  1b) 

752  rd 
(126.98  lb) 

1000  rd* 

(129.28  Ib) 
1123  rd  ® 
(129.60  lb) 

2850  rdO 
(129. 06  Ib) 
3059  rd  ' 
(129. 63  Ib) 

1833  rd® 
(129. 62  lb) 

1 

23. 12  lb 

(260  rd) 

48.41  lb* 

(260  rd) 

21.56  lb 

(260  rd) 

30.28  lb 

(260  rd) 

129.65  lb 
800  rd" 
129. 49  lb 
900  rd® 

74. 18  lb 
(800  rd)^ 
74. 89  lb 
(900  rd)' 

132. 73  lb 
(800  rd)-* 

112.59  lb 
(800  rd)* 
112.431b 
(900  rd)  ® 

56.  76  lb 
(800  rd)® 
57.471b 
(900  rd)' 

69.67  lb 
(800  rd)® 

bulc  loads  for  all  weapons  in  rifle  squads  are  based 
ichinoftun  squads  are  based  on  three-man  loads 


»  allowed 


"  A  rifleman  was  used  as  an  ammunition  bearer  and  armed  with  a 
caliber  .  45  pistol.  Combined  system  weight  for  the  rifleman 
(17. 59  lb)  and  the  gunner  (33. 10  lb)  provided  294  rounds  of 
ammunition  in  bandoleers  for  a  total  weight  of  SO.  63  lb 

'  Includes  weight  of  the  pistol  carried  by  the  ammunition  bearer 
•’  47-round  drum 
*  200-round  metal  box 
^  900-round  metal  box 


•  System  weight  Is  based  on  weight  of  M60  tripod  MG.  800 
rounds  of  ammunition  in  metal  boxes,and  caliber  .45  pistols 
for  assistant  gunner  and  ammunition  bearer 
"computed  on  the  basis  of  the  ball  cartridge,  7.62mra  duplex 
cartridge  is  5. 55  percent  heavier 

0 

Three  900-round  metal  boxes  plus  a  ISO-round  bandoleer 
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shoulders  of  a  soldier  In  a  foxhole, 
colored  field  green  with  a  dirt -smeared 
decal  face.  (Figure  2-6) 

2)  A  mechanism  to  raise  and  lower  the  target 

on  computer  command  and  to  lower  it  when 
it  was  hit.  .r' 

3)  A  target  weapon  signature  simulator 
(weapon  simulator)  that  provided  realistic 
auditory  and  visual  weapon  cues  of  noise, 
blast  and  flash  of  a  rifle,  automatic  rifle, 
or  machlnegun,  according  to  computer 
progranmed  commands,  and  shut  off  when 
the  target  was  hit  (not  all  target  elements 
had,  or  needed,  simulators). 

4)  A  near  miss  sensor  to  sense  misses  within 
2  meters  of  the  target  body.  These  sensors 
were  used  for  the  target  elements  In  five  of 
the  nine  tactical  slniations.  Two  types  of 
near  miss  sensors  were  used  on  different 
ranges;  an  acoustic  sensor  (Figure  2-7) 
at  the  shorter  firing  distances  and  a  cam- 
otiflaged  panel  sensor  at  the  longer 
distances  (Figure  2-8). 

The  Individual  target  elements,  grouped  tactically  in  arrays, 
were  programmed  to  give  weapon  signature  cues  and  to  raise  and  lower 
targets  according  to  programmed  exposure  times.  Exposure  times  were 
selected  to  portray  movements  representative  of  the  combat  situation 
being  portrayed.  The  programmed  total  target  exposure  times  for  each 
situation  are  given  in  Appendix  4  to  Annex  B. 

In  addition  to  the  target  array  Instrumentation,  microphones 
were  placed  at  each  static  firing  position  to  allow  the  rounds  fired  to  be 
counted  and  recorded  as  a  function  of  time.  (Manual  counts  ot  remaining 
ammunition  were  made  for  the  two  tactical  situations  where  experimenta¬ 
tion  subjects  were  moving. ) 

The  control  and  recording  van  housed  a  control  console  and  an 
on-line  computer  with  a  magnetic  tape  recorder.  Reproducibility  of 
target  jystem  behavior  for  each  squad  in  a  situation  was  provided  by 
computer  command  program. 

The  following  basic  data  were  recorded  as  a  function  of  time  to 
the  nearest  0.01  minute;  hits  (both  first  hits  and  any  subseqiient  hits 
before  the  targets  fell  completely),  near  misses,  target  up  and  target 


Table  2-2 


1*111  boxes 


59  1/2 


Figure  2-6 

STANDING,  KNEELING,  AND  HEAD  AND  SHOULDER  TARGETS 
(903,  623,  237  sq  in.  areas,  respectively) 
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Figure  2-8  PANEL  NEAR  MISS  SENSOR 
(Kneeling  Target) 


down,  wrapon  slpiafure  simulator  on  and  off,  and  rounds  fired  per  weapon. 
The  Instrumentation  was  capable  of  discriminating  between  Individual  rounds 
to  5  milliseconds. 

The  Instrumentation  is  described  in  further  detail  in  Annex  B.  /; 
supplemental  detailed  technical  report  will  be  published  at  a  later  date. 

D.  EXPERIMENT  PERSONNEL 

1.  Source  of  Support  Personnel 

Support  personnel  for  purposes  of  administrating  and  supporting 
the  general  conduct  of  the  experiment  (other  than  experimentation  subjects) 
were  from  Project  Team  n.  Experimentation  Support  Group,  and  the  I94th 
Armored  Brigade  of  USACDCEC, 

2.  Source  of  Experimentation  Subjects 

Experimentation  subjects  were  provided  by  the  194th  Armored 
Brigade,  Subjects  assigned  to  the  six  primary  mixes — UA,  UB,  CA,  CB, 

SA,  and  SB  (the  mixes  equipped  with  nine  rifles  and  with  seven  rifles  and 
two  automatic  rifles) — were  from  infantry  companies  of  the  4l8t  Infantry 
Battalion.  Subjects  assigned  to  the  other  weapon  mixes — SC,  UC,  UD,  HA, 
and  RC“Were  from  armored  and  artillery  units  as  well  as  from  A e  4l8t 
Infantry;  they  had  all  been  previously  trained  and  had  qualified  with  the 
M14  rifle. 

3.  Organization  of  Experimentation  Subjects 

a.  Organization  into  Squad  Weapon  Mixes 

Experimentation  subjects  were  organized  Into:  (1)  nine-man 
rifle  squads  consisting  of  a  squad  leader  and  two  four-man  fire  teams,  and 
(2)  seven-man  machinegun  squads  consisting  of  a  squad  leader,  two  machine- 
gunners,  two  assisumt  machinegunners,  and  two  ammunition  bearers. 

b.  Sample  Size  -  Implications 

As  far  as  practical,  to  randomize  and  balance  uncontrolled 
variables— such  as  differences  in  the  abilities  of  experimentation  subjects, 
effects  of  weather,  the  effects  of  time  of  day  (especially  light),  changing 
conditions  of  vegetation,  and  the  motivational  effects  of  proximity  to 
weekends  and  holidays— six  squads  were  assigned  to  each  weapon  mix.  The 
use  of  six  squads  allowed  them  to  be  scheduled  to  fire  in  balanced  matrices 
in  each  tactical  situation  with  respect  to  date  and  time  of  day.  A  total  of 
105  squads,  consisting  of  975  experimentation  subjects  (including  super¬ 
numeraries)  was  required. 
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c.  Matching  of  personnel 

The  number  of  personnel  available  allowed  them  to  be  as¬ 
signed  initially  at  random,  on  the  basis  of  72  men  to  the  rifle  mix — six 
nine-man  experimentation  squads  plus  nine-man  squads  from  which  super¬ 
numeraries  were  drawn  to  replace  personnel  lost  for  illness  or  other 
reasons— and  42  men  to  the  machinegun  mix.  On  completing  the  training 
phase,  subjects  were  reassigned  within  their  weapon  type.  The  same 
number  of  experts,  sharpshooters,  and  marksmen  were  assigned  to  each 
experimentation  squad  within  a  mix. 

To  conduct  the  experiment,  special  measures  had  to  be  taken 
to  select  experimentation  subjects  that  could  be  retained  for  each  phase 
of  the  experiment  and,  where  necessary,  to  obtain  their  deferment  from 
overseas  levy. 

Personnel  records  of  all  personnel  were  reviewed  and  cataloged, 
both  at  the  time  of  initial  assignment  and  at  the  completion  of  training,  to 
ensure  that  personnel  of  all  mixes  were  as  closely  equivalent  as  possible 
on  all  variables  that  could  be  expected  to  correlate  with  performance. 

4.  Training  Program  for  Experimentation  Subjects 

The  training  phase  of  the  experiment  was  conducted  from  24  August 
to  21  October  1965  on  Fort  Ord  Infantry  Training  Center  ranges.  Results  of 
training  tests  and  an  analysis  of  the  SAWS  training  program  appear  in  Section 
IV  (Training  Results). 

a.  Training  Objectives 

Training  objectives  were  to  make  all  personnel  proficient 
with  their  respective  SAWS  weapons,  and  to  obtain  data  on  the  relative 
effectiveness  of  training  inherent  to  the  various  weapons. 

b.  Training  Program 

The  training  program  consisted  of  basic  marksmanship  and 
transition  training,  and  followed  current  Army  marksmanship  courses 
outlined  in  Army  Subject  Schedules  7-111  and  7-112  dated  November  1964; 

FM  23-71  dated  July  1964;  FM  23-16  dated  June  1965;  and  FM  23-67  dated 
October  1964. 

(1)  Basic  Marksmanship  Instruction 

Basic  marksmanship  instr'..ct.un  included  mechanical 
training,  instructional  and  qualification  firing,  target  detection,  and 
night  firing.  Where  weapon  differences  prevented  combined  training— for 
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Table  2-3 

BASIC  MARKSMANSraP 
RIFLE  INSTRUCTION 


Total 

Hours 


Ammunition 
per  Firer 


Subject 


Orientation  and  Mechanical  Training 
Target  Detection 

Preparatory  Marksmanship  (25  meter 
firing) 

Field  Firing 

Record  Firing  (includes  3  hours  of  con¬ 
current  target  detection) 

Night  Firing 

Familiarization  of  Automatic  Technique 


Total 


NOTE;  Modifications  to  Combat  Readiness  Marksmanship 
Proficiency  Standard  Course  Al;  Orientation  and 
Mechanical  Training  was  increased  from  2  to  4  hours; 
Record  Firing  was  Increased  from  8  to  16  hours  to 
provide  learning  factors;  Night  Firing  was  increased 
from  2  to  5  hours  to  provide  3  hours  of  refresher  on 
techniques;  and  familiarization  of  Automatic  Fire 
Technique  was  included  to  prepare  experimentation 
subjects  for  automatic  firing  >fdth  rifles. 


example,  mechanical  training,  sight  adjustment  and  establishing  battle- 
sight  zero — qualified  instructors  using  equivalent  training  aids  and 
instructional  material  taught  the  e^qierimentatlon  subjects  each  weapon 
system  separately.  The  hours  of  basic  Instruction  presented  are  shown, 
with  the  ammunition  used,  in  Tables  2-3,  2-4,  2-5,  and  summarized 
here; 


Rifle  Marksmanship  (Combat 
Readiness  Marksmanship 
Proficiency  Standard  Course 


61  hours 
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A-1,  modified  to  include  12 
hours  of  automatic  fire) 

Automatic  Rifle  Marksmanship  29  hours 

Machinegun  Marksmanship  34  hours 

(Tables  I  through  VI)  ' 

(2)  Transition  Training 

After  completing  basic  marksmanship,  rifle  and 
machinegun  squads  were  given  separate  transition  training  designed  to 
train  them  to  perform  effectively  as  members  of  rifle  and  machinegun 
squads  and  to  acquaint  them  with  the  safety  and  range  procedures  em¬ 
ployed  on  the  SAWS  field  experimentation  ranges  (Table  2-6). 

Rifle  squad  transition  training  consisted  of  24  hours  of 
instruction  as  outlined  in  Army  Subject  Schedule  7-111  dated  November 
1964  and  TC  23-9  dated  January  1965.  It  included  controlled  tactical 
firing  exercises  in  the  approach  to  contact,  assault,  and  defense. 

Machinegun  squad  transition  training  consisted  of 
eight  hours  of  instruction  in  crew  drill  and  controlled  tactical  firing 
exercises  in  support  of  the  attack,  support  of  the  assault,  and  defensive 
firing. 


c.  Supplementary  Training 

Supplemeniiary  training  was  provided  later  to  meet  require - 
menta  caused  by  normal  attrition  and  the  need  for  new  squads.  This 
training  was  given  at  various  times  in  November  1965,  December  1965, 
and  January  1966.  The  228  personnel  trained  or  cross  trained  as  rifle¬ 
men,  automatic  riflemen,  or  machlnegunners  are  reflected  in  the  totals 
shown  in  Table  2-7.  Personnel  who  had  received  no  previous  training 
were  given  the  full  complement  of  training.  Personnel  being  cross  trained 
received  instruction  on  disassembly,  assembly,  functioning,  zero  firing, 
aucomatlc  fire  techniques,  trigger  manipulation,  loading,  and  range  safety 
as  necessary.  All  personnel  received  equivalent  amounts  of  training. 

d.  Training  Facilities 

Facilities  used  during  training  included  classrooms  and 
target  detection  and  firing  ranges.  lofantry  Training  Center  classrooms 
and  ranges  at  Fort  Ord  were  used  during  basic  marksmanship  training 
without  modification.  Sketches  of  ranges  used  for  transition  training 
appear  in  Section  IV. 
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Table  2-4 


BASIC  MARiCSMANSHIP 
AUTOMATIC  RIFLE  INSTRUCTION 


1 


Subject 


Orientation  and  Mechanical  Training 
Target  Detection 

Preparatory  Marksmanship  (25  meter  firing 
Record  Practice  (Instructional  Firing 
Record  Practice  (Qualification  Firing) 

Night  Firing 


Total 

Hours 


2 

12 

4 

4 

5 


Ammunition 
per  Firer 

0  " 
0 
236 
79 
74 
104 


Total 


29 


493 


NOTE:  Modifications  to  Army  Subject  Schedule  7-111:  Mechanical 
Training  was  given  to  familiarize  flrers  with  new  wetqmn 
^sterns:  refresher  training  in  Target  Detection  and  Ni^t 
Firing  was  given  because  these  areas  are  covered  in  Basic 
Rifle  Marksmanship  Training  of  which  this  training  is 
normally  a  part. 


Table  2-5 


BASIC  MARKSMANSHIP  . 
MACHINEGUN  INSTRUCTION 


Subject 


Orientation  and  Mechanical  Training 
Bipod  Firing  (Table  1) 

Tripod  Firing,  Practice  (Table  II) 

Tripod  Firing,  Record  Practice  (Table  m) 
Tripod  Firing,  Record  (Table  IV) 

Transition  Firing,  Practice  &  Record  (Table 
Day  Defensive  Field  Firing  (Table  VI) 

Total 


V) 


Total 

Hours 

3 

4 
4 
4 
4 
8 
7 

34 


Ammunitlonj 
per  Firer 

0 

42 

108 

78 

108 

396 

200 

932 


NOTE:  Modifications  to  Army  Subject  Schedule  7-111:  Mechanical 

Training  was  increased  from  2  to  3  hours;  Table  VD  (Assault 
Firing)  and  Table  Vm  (Day  and  Night  Predetermined  Firing) 
were  deleted  as  not  pertinent  to  the  SAWS  Experiment. 
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Table  2-6 

TRANSITION  TRAINING 


— 

Subject 

Total 

Hours 

Ammunition  * 
per  Firer 

Rifles 

ARs 

Rifle  Squad 

Orientation 

4 

0 

0 

Squad  Technique  of  Fire 

4 

20 

40 

Squad  in  the  Approach  to  Contact 

8 

60 

120 

Squad  in  the  Assault 

4 

100 

260 

Squad  in  the  Defense 

4 

60 

100 

Total 

24 

240 

520 

Subject 

Total 

Hours 

Ammunition* 
per  Firer 

Machinegun  Squad 

Support  of  Attack  and  Assault 

Firing 

5 

700 

Defense  Firing 

3 

200 

Total 

8 

900 

*  Indicates  amount  of  ammunition  allocated  for  the  exercise, 

not  necessarily  amount  expended  which  varied  from  firer  to  firer. 


PERSONNEL  TRAINED  AND  CROSS-TRAINED 


e.  Training  Data  Collected 

The  following  types  of  data  were  collected  during  training: 

1)  Timed  disassembly  and  assembly  of  weapons 

2)  Hits  on  targets 

3)  Size  and  type  of  shot  groups 

4)  Number  of  targets  engaged  and  number  hit 

5)  Round  dispersion 

6)  Ammunition  expenditure 

7)  Number  and  type  of  malfunctions 

8)  Individual  qualification 

The  primary  measures  of  training  performance  were  the 
firing  scores  taken  on  various  ranges  at  fixed  points  during  training. 

Each  time  firing  scores  were  taken,  each  weapon  system  group  had 
had  the  same  amount  of  training  of  the  same  kind  under  comparable 
conditions .  Results  of  the  training  program  and  firing  scores  are 
given  in  Section  IV  (Training  Results). 

E.  EXPERIMENTATION  PROCEDURES 

1.  Uniform  Operational  Policies  -  General 

Uniform  operational  policies  established  for  each  tactical 
situation  included  policies  for  the  situation  and  for  each  type  of  weapon 
in  each  mix  of  each  family.  These  policies  governed  the  ammunition 
basic  load,  the  burst  length  (for  example,  semiautomatic  or  two  round), 
the  ammunition  mix  (such  as  the  ratio  of  ball  to  tracer) ,  the  firing  posi¬ 
tion  (shoulder  pointed,  for  example),  the  type  of  support  (with  or  vdthout 
sling  or  bipod) ,  and  the  type  of  weapon  zero  and  sight  setting.  In  addltloi^ 
a  standard  policy  was  used  for  assigning  sectors  of  fire  and  for  assigning 
weapons  to  foxholes  and  to  positions  in  moving  formations.  These  policies 
and  firing  techniques  were  derived  from  standard  doctrine  and,  where 
doctrine  was  not  specific,  from  exploratory  firing.  They  are  tabulated  by 
situation  in  Annex  A. 

2.  Control  and  Balance  of  Weapon  Mix  Structure  and  Equipment 

As  discussed  in  paragraph  D-3,  firers  assigned  to  each  mix  of 
weapons  were  matched,  as  far  as  possible.  They  were  also  matched  in 
assignments  to  the  weapon  types  in  a  mix.  When  tracers  were  used  by 
only  a  portion  of  a  mix  (for  example,  automatic  rifles)  they  were  also 
used  by  the  firers  in  corresponding  positions  in  all  other  mixes.  This 
ensured  that  differences  in  Ae  mixes  would  be  a  function  of  weapon 


2-22 


f! 

{ 

I 


differences,  rather  than  tracer  rounds  employed. 

The  schedule  of  runs  was  equally  balanced  In  a  matrix,  providing 
for  randomizing  and  balancing  out  the  effects  of  extianeous  variables 
(paragraph  E-3  of  Section  I). 

When  not  In  use,  experimentation  weapons  were  held  In  g;uarded 
vans,  and  periods  of  care  and  cleaning  were  supervised. 

3.  Modes  of  Fire 


Doctrine  and  exploratory  firing  indicated  that  the  best  mode  of 
fire  for  the  M14  rifle  was  semiautomatic  fire  in  all  situations.  Since  the 
limited  time  available  for  the  experiment  did  not  permit  use  of  more  than 
one  technique  of  fire  for  each  weapon  in  each  tactical  situation,  the  Ml 4 
rifle  was  fired  semiautomatically  and  the  other  candidate  rifles  were,  with 
several  exceptions,  fired  in  two  round  bursts.*  Exceptions  were  the  defense 
situations  (Situations  7  and  8) ,  where  time  permitted  comparison  of  all  rifles 
in  both  automatic  and  semiautomatic  fire.  Another  exception  was  the  base 
of  fire  situation  in  the  attack  against  delaying  action  (Situation  5) ,  where 
all  rifles  fired  only  semiautomatically.  Automatic  rifles  and  machineguns 
were  fired,  respectively,  in  identical  burst  lengths  in  each  tactical  situation. 

4.  Control  for  Differences  in  Firer  Location  and  Opportunity 

The  effects  of  such  differences  in  firer  opportunity  as  intervisi¬ 
bility  were  controlled,  as  far  as  possibile.  The  squad  leader  and  the  same 
special  weapons  (such  as  automatic  rifles)  were  always  assigned  to  the  same 
foxholes  or  positions.  The  other  firers  were  assigned  from  ri^t  to  left 
in  the  descending  order  of  their  training  phase  marksmanship  scores. 

5.  Control  of  Squad  Leader  Variability 

Squad  leaders  exercised  administrative  control  over  experimenta¬ 
tion  squad  except  during  actual  experimentation  runs.  The  effects  of  the 
variability  of  squad  leaders  was  controlled  by  using  standardized,  firing 
policies  and  eliminating  the  free  play  of  squad  leaders'  opporbmities . 

6.  Control  for  Effects  of  Learning 

To  minimize  transference  effects  between  weapons  and  other 
undesirable  learning  effects,  each  squad  was  trained  only  in  the  weapons 
of  its  specific  weapon  mix,  and  each  squad  fired  each  situation  only  once. 


*  AS  a  rifle,  the  M14E2  was  fired  in  two-round  bursts  because  the 
directive  required  that  it  be  fired  automatically.  The  AK47  was 
fired  semiautomatically  in  Situations  1,  2,  4,  5,  and  in  the  second 
series  for  Situations  7  and  8. 
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Measures  were  taken  to  ensure  that  the  experimentation  subjects  would  not 
see  the  tactical  situations  before  firing  them.  Steps  were  also  taken  to 
ensure  that  experimentation  personnel  had  equal  access  to  their  assigned 
experimentation  weapons  during  the  experiment.  When  not  In  use,  the 
experimentation  weapons  were  held  In  guarded  vans.  During  the  experi¬ 
ment,  experimentation  subjects  were  also  denied  access  to  their  TO&E 
weapons.  However,  the  experimentation  subjects,  all  soldiers  of  the 
194th  Armored  Brigade  had  previously  been  traln^  in  the  Ml 4  rifle.  Some 
had  also  been  trained  In  the  M14E2  automatic  rifle  and  M60  machinegun. 
This  bias  in  favor  of  the  US  7.62mm  system  was  not  desirable,  but  could 
not  be  avoided  because  only  previously  trained  soldiers  were  available  for 
use  as  experimentation  subjects. 

7.  Data  Collection  Procedures  -  Primary  Measures 
a.  Primary  Measures  Data 

Most  of  the  SAWS  data  were  provided  as  output  from  the 
SDS  910  computer  located  on  each  range  in  the  form  of  magnetic  tapes. 
These  data  Included  hits,  near  misses,  and  rounds  fired  as  a  function  of 
time. 


To  ensure  the  proper  collection  of  valid  data,  a  range  officer, 
an  operations  analyst,  (range  scientist),  an  Instrumentations  maintenance 
officer,  and  a  field  engineer  were  always  present  at  each  range.  In  addi¬ 
tion  ,  test  firing  was  also  done  on  a  regular  basis  for  the  purpose  of  exer¬ 
cising,  adjusting,  and  calibrating  the  Instrumentation  before  and  during 
the  experiment. 

b.  Supplementary  Data 

In  addition  to  the  data  collected  by  Instrumentation,  meteor¬ 
ological  data  were  taken  continuously  at  each  range.  Reliability  data  were 
gathered  during  each  squad  trial.  Target  Instrumentation  calibration  was 
checked  between  each  squad  trial  and  the  results  recorded.  This  included 
a  manual  count  of  hits  on  targets  and  near  miss  sensor  panels,  and  a 
count  of  remaining  ammunition. 

8.  Administrative  Procedures 
a.  Briefings  and  Debriefings 

Squads  were  given  Identical  administrative  and  semitactlcal 
briefings  on  each  range  Immediately  before  firing,  and  were  debriefed 
for  Information  about  weapon  malAinctions  immediately  after  firing. 


b.  Safety  Procedures 

Because  of  the  scale  and  nature  of  the  experiment,  special 
safety  measures  were  necessary  to  reduce  the  possiblitles  of  accidents, 
without  detracting  from  the  essential  realism  or  validity  of  the  experiment. 
Among  fte  safety  measures  used  were  briefings  on  scale  models  and 
actual  terrain  Immediately  before  firing  with  respect  to  safety  limits ,  the 
use  of  specially  trained  controller  teams  at  each  firing  line  and  in  each 
moving  firing  situation,  provision  of  cook-off  pits  for  safe  disposition  of 
jammed  hot  weapons,  and  procedures  for  clearing  hot  weapons  after  a 
trial  by  shooting  off  the  last  round.  Moving  pictures  were  taken  of  con¬ 
trollers  and  firers  during  each  squad  run.  These  were  shown  later  for 
study  and  correction  of  safety  procedures  and  weapons  malfunctions. 

F.  EXPERIMENTATION  TACTICAL  SITUATIONS 

Experimentation  was  based  on  nine  tactical  squad  firing  situations 
grouped  three  to  a  range.  The  three  situations  on  each  range  were  inter¬ 
related  parts  of  a  platoon  and  company  framework  situation  but  £red 
separately  for  reasons  of  data  collection  and  safety.  The  three  platoon- 
company  framework  situations  selected  were: 

1)  Assault  against  defense  (Range  A) 

2)  Attack  against  dela3rlng  action  (Range  B) 

3)  Defense  against  attack  (Range  Q 

These  three  platoon-company  framework  situations  were  constructed 
to  ensure  that  squad  situations  could  be  related  for  analysis  and  synthesis 
(especially  later  for  IRUS  purposes)  and  to  provide  for  the  measurement  of 
representative  mechanisms  a:^  modes  of  fire  of  small  unit  small  arms 
combat. 

Each  tactical  situation  constituted  a  model  consisting  of  selected 
terrain  characteristics,  target  array  layouts,  friendly  flrer  layouts, 
firing  distances  and  range-target  frequencies,  and  timing  of  events  repre¬ 
sentative  of  the  situation  being  portrayed.  (See  Annex  B  for  range  sketch 
maps  and  detailed  range  information,  to  include  Target  ^stem  Command 
Program  Tables.)  These  tactical  situations,  together  with  the  effective¬ 
ness  criteria,  provide  the  fundamental  basis  for  the  analysis.  The  com¬ 
ponent  situations  and  their  effectiveness  values  can  be  weighted,  if  desired, 
to  modify  the  basic  model,  within  limits. 

The  target  layouts  were  determined  by  examining  the  dispositions  and 
dimensions  given  in  US,  Soviet,  and  other  doctrine  and,  where  possible, 
adopting  dimensions  that  were  common  to  the  several  doctrines.  Detailed 
intervisibility  and  survey  data  were  collected  during  layout  of  the  ranges. 
As  far  as  possible,  such  target  behaviors  as  type  of  Individual  target  body, 
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up  and  down  mowmrnt,  tarppt  exposure  time*, and  weapon  elmuJ-itor  cuef 
were  baaed  on  tactical  realtam. 

The  flrlrqt  diatancea  used  in  the  tactical  aituationa  were  chosen  to 
rcpreaent  thj  frequent  htvJ  useful  rani^ea  of  small  arms  combat  with 
additional  longer  range  increments  added  for  purposes  of  securing  a 
broader  data  base.  The  maximum  range  fired  by  rifle  squads  was  560 
meters  and  the  maximum  for  machlneguns  was  733  meters.*  Safety 
considerations  and  available  terrain  did  not  have  an  important  effect  on 
the  firing  distances  selected.  The  percentages  of  targets  by  range  for 
the  nine  tactical  situations  are  shown  below; 


Range 

Percentage 

of  Targets  * 

(Meters) 

Rifle  .Squad 

MG  Squad 

0-50 

15 

2 

51-150 

11 

151-250 

10 

8 

251-350 

16 

17 

351-500 

16 

29 

500-650 

8 

21 

651-750 

0 

12 

‘  Includes  targets  used  in  the  night  situation 
and  targets  presented  more  than  once  in  a 

given  situation 

^Includes  targets  on  assault  course  that  ranged 
from  148  to  15  meters 

Tlie  nine  squad  situations  consisted  of  six  rifle  squad  situations 
and  three  machincgun  squad  situations.  Of  the  six  rifle  squad  situations, 
two  Invoh'ed  moving  firing  and  one  involved  a  ni^t  firing  situation.  The 
nine  situations  are  tabulated  below  and  described  in  the  following  para¬ 
graphs  . 


•  Preliminary  experimentation  on  Range  B  (Situations  5  and  6)  showed 
that  firers  could  distinguish  neither  targets  nor  target  array  locations 
at  these  longer  ranges,  even  when  provided  with  more  substantive 
auditory  cues  and  visual  cues  than  they  would  have  in  combat.  This 
was  true,  even  though  individual  targets  had  camouflaged  semicircular 
near  miss  panels  4  meters  in  diameter  behind  them.  The  squads  were 
therefore  provided  additional  specific  intelligence  of  the  target  array 
locations  so  that  firing  data  could  be  collected  at  these  ranges. 


Assault  Ai^KLlnMt 
D<^fpna«» 

A) 

1.  Rifle  aquad  in  line 
aaeauU 

2.  Rifle  equad  aa  base 
of  fire  supporting 
the  assault 

3.  Machlnegun  squad 
in  fire  support  of 
the  assault 


Attack  Against 
Detavinf  Action 

4.  Rifle  squad  In  ap¬ 
proach  to  contact 

5.  Rifle  squad  as  a 
base  of  fire  sup¬ 
porting  the  advance 


C.  Machinegun  squad 
in  fire  support 
of  advance* 


Defense  Against 
Attack 

(Range  C) 

7.  Rifle  squad  In  de¬ 
fense  a^nst 
attack 

8.  Rifle  squad  In 
night  defense 
against  attack 

9.  Machinegun  squad 
in  defense  against 
attack 


1.  Situation  1:  Riflo  Squad  in  Line  Assault 


Situation  1,  focusing  on  the  left  target  array  on  Range  A 
(Figure  2-9),  represented  a  100-meter  assault  by  a  squad  In  line  form¬ 
ation.  The  action  lasted  2  minutes.  The  assaulting  troops  employed 
marching  Are  as  they  moved  up  the  slope.  Firing  commenced  115  me¬ 
ters  from  the  nearest  target  atxi  ceased  15  meters  from  It.  The  target 
array  being  assaulted  occupied  a  position  50  meters  wide  and  30  meters 
deep  with  the  elevation  rising  4  meters  from  the  front  to  rear  on  the 
same  slope  as  the  assaulting  troops.  The  array  consisted  of  17  head 
and  shoulders  targets  representing  concealed  and  partially  concealed 
dug-in  enemy  soldiers,  as  a  squad  with  other  company  elements  as 
part  of  a  reinforced  rifle  company  in  defense.  Although  irregular,  the 
lateral  interval  between  targets  averaged  6  meters.  Each  target  in  the 
array  had  an  acoustic  near  miss  sensor,  and  all  but  three  bad  weapons 
simulators. 

Situation  1  evaluated  rifle  squad  weapons  mixes  in  marching  fire 
against  targets  in  foxholes  at  ranges  of  148  to  15  meters. 

2.  Situation  2:  Rifle  Squad  as  a  Base  of  Fire  Supporting  d>e  Assault 

This  situation  was  also  located  on  Range  A  (Figiure  2-10).  In 
addition  to  the  target  array  used  in  the  assault  situation,  this  situation  in¬ 
cluded  an  additional  array  to  the  ri^t.  The  right  array  contained  13  head 
and  shoulders  targets  (a  squad  with  other  company  elements)  occupying  a 
position  SO  meters  wide  and  33  meters  deep  with  elevation  rising  4  meters. 


*  Machinegun  squads  fired  this  situation  from  two  different  positions. 

In  follow-on  experimentation  in  January,  the  machinegun  squads  fired 
from  the  same  positions  used  by  the  rifle  squad  in  Situation  5. 
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from  the  front  to  the  rear.  All  but  two  of  the  targeta  were  equipped  with 
weapons  simulators,  and  all  had  acoustic  near  miss  sensors. 

The  firers  were  located  in  nine  shallow  foxholes,  laterally  about  6 
meters  apart  and  staggered  in  depth  along  the  forward  edge  of  a  ridge. 

The  foxholes  represented  typical  hastily  prepared  individual  battlefield 
positions.  The  squad  fired  first  on  the  left  target  array  (the  array  used 
in  Situation  1)  and  then  shifted  its  fire  to  the  rlg^t  target  array  to  simulate 
the  shifting  of  fire  as  the  assault  troops  closed  on  the  enemy.  The  distances 
fix>m  the  firers  to  the  two  target  arrays  was  from  263  to  326  meters. 

Situation  2  evaluated  rifle  squad  weapon  mixes  firing  supporting  fire 
from  hastily  prepared  foxholes  at  concealed  and  unconcealed  targets  in 
foxholes  at  a  range  of  263  to  326  meters. 

3.  Situation  3;  Machlnegun  Squad  in  Fire  Support  of  the  Assault 

This  situation  utilized  the  same  terrain,  targets  and  firing  posi¬ 
tions  as  that  used  by  the  rifle  squad  in  Situation  2.  However,  this  situation 
depicted  a  machlnegun  squad  in  support  of  a  rifle  squad  in  the  assault.  The 
two  machlneguns  of  the  squad  were  positioned  25  meters  apart  (Figure  2-11). 

4.  Situation  4;  Rifle  Squad  in  Approach  to  Contact 

This  situation,  located  on  Range  B  (Figure  2-12),  included  12 
events  and  employed  40  targets  (four  head  and  shoulders,  32  kneeling  and 
four  standing).  The  12  events  were  laid  out  along  a  course  over  which  the 
rifle  squad  advanced  in  a  sweep  formation  as  a  line  of  akirmishers.  The 
events  represented  action  by  snipers,  scattered  enemy  security  elements, 
and  an  ambush.  The  overall  course  was  430  meters  long  (Figure  2-13). 

As  the  squad  approached  an  event  at  a  location  identical  for  each  squad, 
the  targets~30  equipped  with  weapons  simulators— were  actuated  and  the 
men  stopped  and  fired.  The  firing  distances  for  the  events  varied  from 
19  to  180  meters.  Target  exposure  times  varied  from  2  to  10  seconds. 

The  targets  were  not  equipped  with  near  miss  sensors. 

The  approach  to  contact  situation  evaluated  the  rifle  squad  mixes  in 
standing  quickfire  at  briefly  exposed  visible  targets.  This  situation,  in 
which  firers  were  time  stressed,  was  designed  especially  to  evaluate  the 
pointing  characteristics  of  small  arms. 

5.  Situation  5:  Rifle  Squad  as  a  Base  of  Fire  Supporting  the  Advance 

The  rifle  squad  occupied  unprepared  prone  firing  positions  averaging 
6  meters  lateral  distance  apart  and  sta^ered  48  meters  along  the  forward 
edge  of  a  ridge  (Figure  2-14).  Squads  representing  fire  support  of  an  ad¬ 
vancing  rifle  squad  'Situation  4)  delivered  fire  on  two  target  arrays.  The 
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arrays  represented  partially  dug-in  enemy  In  a  delaying  position.  Target 
Array  X  contained  14  targets  (five  head  and  shoulders  and  nine  kneeling) 
occupying  an  area  60  meters  wide  and  42  meters  deep,  with  an  elevation 
from  front  to  rear  targets  of  about  7  meters.  Its  range  from  the  flrers 
was  379  to  445  meters.  Six  of  the  14  target  elements  in  this  array  had 
weapon  simulators.  The  more  distant  Tai-get  Array  Y  with  three  head  and 
shoulders,  three  kneeling  and  seven  standing  targets,  was  477  to  560  meters 
from  the  flrers,  occupying  an  area  45  meters  wide  and  62  meters  deep  with 
elevations  rising  about  7  meters.  Six  of  the  13  targets  had  weapon  simu¬ 
lators.  The  targets  of  both  arrays  were  equipped  with  near  miss  sensors. 
The  rifle  squad  initially  fired  on  Target  Array  X  and  then  shifted  its  fire 
to  Array  Y,  firing  2  minutes  on  each  array. 

Situation  5  evaluated  rifle  squad  weapons  mixes  delivering  long  range 
supporting  fire  from  prone  positions  against  concealed  partiall,-  dug-in 
targets  at  ranges  of  379  to  560  meters. 

6.  Situation  6t  Machlnegun  Squad  in  Fire  Support  of  Advance 

This  situation  was  also  on  Range  B  (Figure  2-15).  Machineguns 
of  the  machlnegun  squad  weapon  mixes  occupied  positions  about  12  meters 
apart  along  the  forward  edge  of  a  knoll  240  meters  to  the  rear  of  the  rifle 
squad  position  of  Situation  5.  In  addition  to  firing  upon  Target  Arrays  X 
and  Y  discussed  in  Situation  5,  Target  Array  Z  was  also  fired  upon  and 
contained  13  targets  occupying  an  area  52  meters  wide  and  32  meters 
deep,  with  an  elevation  from  front  to  rear  targets  of  about  7  meters.  Like 
Arrays  X  and  Y,  all  targets  of  this  array  had  near  miss  sensors  aad  six 
were  equipped  with  weapons  simulators.  Target  Array  Z  was  located  to 
the  rl^t  of  Target  Arrays  X  and  Y  at  a  shorter  range  and  contained  five 
head  and  shoulders  and  eight  kneeling  targets.  Ranges  to  the  three  target 
arrays  from  the  machlnegun  squad  position  were  803  to  646  meters  for 
Array  X,  690  to  753  meters  for  Array  Y,  and  446  to  488  meters  for 
Array  Z.  Firing  time  was  2  minutes  on  each  array. 

Situation  6  evaluated  the  machlnegun  squad  weapon  mixes  in  firing 
long  range  supporting  fire  from  prone  positions  at  concealed  and  partially 
concealed,  partially  dug-in  targets  at  ranges  from  446  to  753  meters.  It 
was  design^  to  ev^uate  long-range  fire  effectiveness  of  the  weapons 
under  tactical  conditions. 

7.  Situation  7;  Rifle  Squad  in  Defense  Against  Attack 

This  situation  took  place  on  Range  C  (Figure  2-16).  There  were 
50  targets,  four  head  and  shoulders,  17  kneeling  and  29  standing,  located 
and  programmed  to  raise  and  lower  to  represent  an  attack  beconiing  an 
assault.  Some  of  the  targets  speared  more  than  once.  The  attack  began 
at  a  range  of  344  meters  and  culminated  with  targets  appearing  in  an 
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assault  formation  43  meters  from  the  firing  positions.  Thirty  of  the  50 
targets  had  weapon  simulators;  none  had  near  miss  sensors.  The  defending 
squad  occupied  hastily  prepared  fojdiMea  averaging  6  meters  lateral  dis¬ 
tance  apart. 

Situation  7  (daylight  defense)  evaluated  rifle  squad  weapons  mixes  in 
firing  from  hastily  prepared  foxholes  at  visible  targets  advancing  from 
344  to  43  meters. 

8.  Situation  8;  Rifle  Squad  in  Night  Defense  Against  Attack 

The  nl^t  situation  was  also  located  on  Range  C  and  was  similar 
to  Situation  7.  However,  the  scenario  was  slightly  shorter.  Thirty-two 
of  the  50  targets  used  in  Situation  7  were  utilized;  22  targets  were  equipped 
with  weapons  simulators.  Some  of  the  targets  appeared  more  than  once. 
There  were  three  head  and  shoulders,  nine  kneeling  and  20  standing  tar¬ 
gets;  they  were  located  and  programmed  to  raise  and  lower  to  represent 
an  attack  becoming  an  assault.  The  attack  began  at  a  range  of  234  meters 
and  culminated  with  targets  appearing  in  an  assault  formation  43  meters 
from  the  firing  position  (Figure  2-17).  Simulator  flash  and  sound  were 
the  main  cues  for  flrers  in  this  nl^t  situation. 

Situation  8  evaluated  rifle  squad  weapons  mixes  firing  night  defense 
from  hastily  prepared  foxholes  at  target  flash  and  sound  cues  of  targets 
"advancing"  from  234  to  43  meters. 

9.  Situation  9:  Machinegun  Squad  in  Defense  Against  Attack 

This  situation  utilized  die  same  terrain,  targets  and  firing  posi¬ 
tions  as  diat  used  by  the  rifle  squad  in  day  defense  (Situation  7).  However, 
in  this  situation  the  machlneguns  occupied  selected  foxholes  of  the  position 
that  had  been  occupied  by  the  rifle  squad  (Figure  2-18). 

This  situation  evaluated  the  machinegun  squad  weapon  mixes  firing 
from  hastily  prepared  foxholes  at  visible  targets  advancing  from  344  to 
43  meters. 

10.  Summary  of  Tactical  Situations 

The  nine  tactical  situations,  together  with  the  effectiveness 
criteria  discussed  in  paragraph  G  of  this  section,  provide  the  model  for 
the  experiment  and  analysis  of  squad-level  small  arms  fire  effectiveness. 
The  model  can  be  adjusted  (within  limits)  by  weighting  the  situations  and 
the  effectiveness  measures  within  a  situation.  The  logic  underlying  the 
experimental  design,  terrain  selection,  tactical  target  arrays,  instrumen¬ 
tation,  and  programming  of  events  in  these  tactical  situations  was  to  pre¬ 
sent  squads  armed  with  different  weapons  and  weapon  mixes  with  situations 
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that  would  Impose  on  the  man-weapon  systems,  conditions,  Interactions, 
and  modes  of  fire  reasonably  representative  of  combat.  Target  acquisition 
was  Included  as  an  Integrated  part  of  the  effectiveness  evaluation  of  the 
man-weapon  systems.  Flrers  were  subjected  to  the  stress  and  uncertain¬ 
ties  of  In^ervlslbllity  problems  and  the  knowledge  that.  If  and  when  revealed, 
targets  would  be  fleeting  or  exposed  for  unpredictable  periods.  However, 
stress  was  not  otherwise  included. 

The  final  elements  of  the  tactical  situations  were  the  operational 
policies  of  friendly  elements— the  basic  loads  of  arhmunltlon,  ammunition 
mixes,  burst  lengths,  and  firing  policies  used  with  each  tactical  situation. 
These  are  discussed  in  paragraph  E  of  this  section  and  presented  in  tabu¬ 
lar  form  in  Annex  A. 

G.  EFFECTIVENESS  MEASURES  (EVALUATION  CRITERIA) 

This  subsection  describes  the  effectiveness  measures  used  in  evalu¬ 
ating  and  ranking  the  squad  weapon  mixes.  It  consists  of  three  paragr^hs: 
Paragraph  1,  discussing  the  qu^ltatlve  effectiveness  concept  from  which 
the  measures  are  derived;  Paragraph  2,  presenting  the  effectiveness 
measures  themselves;  and  Paragraph  3,  discussing  other  effectiveness 
qualities. 

1.  Effectiveness  Concept 

The  effectiveness  measures  selected  for  use  in  the  experiment 
were  derived  from  the  following  qualitative  effectiveness  concept,  which 
also  served  to  guide  their  use.  This  concept  is  necessarily  judgmental 
as  a  hypothesis,  as  must  be  the  starting  point  and  foundation  of  any  effec¬ 
tiveness  criteria.  It  also  depends  particularly  on  informed  militU7  judg¬ 
ment  or  military  experience,  since  system  evaluation  implies  that  the 
things  measured  must  be  valuable  qualities  of  the  systems,  in  the  context 
and  environment  of  their  use. 

The  purpose  of  the  infantry  fire  fi^t  is  to  gain  fire  superiority.  Other 
factors  being  equal,  small  arms  fire  superiority  prevents  the  enemy’s 
fire  or  movement,  permitting  mission  accomplishment. 

Achievement  of  fire  superiority  requires  two  elements:  1)  attaining 
a  greater  magnitude  of  target  effects  than  the  enemy,  as  a  function  of 
time,  and  2)  sustaining  this  level  of  target  effects  longer  than  the  enemy 
can  sustain  his  level  of  target  effects,  and  long  enough  to  accomplish  the 
mission.  These  two  elements  are  referred  to  here  as  target  effects  and 
sustainability. 

Neither  element  is  meaningful  unless  related  to  time.  The  two-sided 
nature  of  the  fire  fight  places  a  premium  on  achieving  results  (target 
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effects)  more  quickly  than  the  opponent  can  achieve  them.  The  concept  of 
sustainability  also  implies  time. 

a.  Target  Effects 

To  understand  target  effects,  the  nature  of  the  target  and  the 
friendly  flrers  must  be  considered. 

In  combat,  the  Infantry  small  arms  target  is  normally  a  group  target — 
an  array  of  Individual  targets  dispersed  In  width,  depth,  and  usually  height. 
The  target  arrays  frequently  present  a  pattern  In  shape,  structure,  and 
size.  Normally  most  of  the  targets  in  ^e  array  are  concealed  or  partially 
concealed,  and  firing  on  the  array  Is  often  directed  at  a  combination  of 
cues — such  as  terrain  form  (for  example,  the  military  crest  of  a  hill), 
and  target  weapon  signatures — and  movement,  rather  than  at  fully  visible 
Individual  human  targets.  When  targets  are  not  concealed,  they  are  usually 
vei7  near  or  exposed  only  briefly. 

Friendly  firers  are  also  a  group  (in  this  experiment,  a  squad)  and 
b^ave  In  a  group  context.  The  Individual  man-weapon  Interacts  ^th 
others  In  the  group  at  die  firing  position  (for  example,  muzzle  blast  and 
dust).  In  feedback  of  target  intelligence  (for  example.  Incidental  observa¬ 
tion  of  another's  tracer  or  of  the  ground  strike  of  another's  bullets),  and 
in  effects  on  die  enemy  target  array. 

Thus,  the  fire  effects  produced  have  characteristics  that  may  differ 
significantly  from  those  of  single  weapons  fired  at  single  visible  targets. 
Within  this  context  of  group  firers  and  group  targets,  the  two  principal 
target  effects  produced  by  small  arms  weapons  are  hits  and  near  misses, 
and  they  combine  In  their  effects  on  a  target  array. 

(1)  Target  Hits 

The  etiects  of  hits  on  Individual  targets  of  an  array  are 
hl^ly  sensitive  to  the  timing  of  the  hits  and  to  the  damage  they  Inflict  on 
the  array.  First  hits  on  individual  targets  are  more  important  than  sub¬ 
sequent  hits  on  the  same  target.  In  combat  the  target  may  drop  and 
cease  to  be  a  target  after  the  first  hit  and.  In  any  event,  there  Is  little 
utility  in  killing  a  target  more  than  once. 

(2)  Near  Misses 

If  near  enough  and  In  sufficient  volume,  near  misses  cause 
the  target  soldier  to  seek  cover  and  thereby  take  his  weapon  out  of  action 
or  prevent  his  movement.  Suppressive  effects  of  small  arms,  particularly 
automatic  or  rapidly  firing  wesqKins,  may  have  a  greater  effect  on  the 
outcome  of  infantry  actions  than  the  lethal  effects  of  hits.  Near  misses. 


however,  will  not  produce  suppression  If  the  weapons  and  firing  doctrine 
cannot  produce  casualties.  The  nearness  of  a  miss  as  a  function  of  time 
is  only  one  factor  contributing  to  suppression,  but  it  is  a  necessary  condi¬ 
tion  if  a  weapon  is  to  have  any  suppressive  effect.  For  purposes  of  rank¬ 
ing  weapons,  near  misses  can  be  dealt  with  by  recording  them  as  a  function 
of  time,  without  having  to  define  the  quantitative  level  of  near  misses  that 
constitutes  suppression. 

Near  miss  data  also  provides  information  on  distribution  of  fire.  In¬ 
formation  on  the  distribution  of  fire  greatly  extends  our  knowledge  ol  the 
behavior  of  weapon  systems,  and  firing  doctrine. 

b.  Sustainability 

Sustainability— the  other  element  needed  to  achieve  fire 
Biq}eriority— is  the  length  of  time  a  weapon  can  fire  at  the  ammunition  con¬ 
sumption  rate  required  to  achieve  a  level  of  target  effects  with  die  amount 
of  ammunition  that  the  weapon  system  affords  within  specified  wei^t  limits. 
It  is  not  used  in  the  sense  of  reliability  or  durability. 

The  sustainability  element  of  fire  superiority  then  is  the  measure  of 
how  long  the  Are  (level  of  target  effects)  can  be  kept  up.  With  respect  to 
a  single  small  arms  weapon,  it  is  a  function  of  three  factors:  1)  the 
weight  rate  of  ammunition  consumption  in  achieving  a  level  of  taiget  ef¬ 
fects,  2)  the  system  weight  of  die  weapon,  and  3)  the  weight  limitation  on 
the  we^ion  system  portion  of  the  soldier's  combat  load  carrying  capacity. 
Sustainability  in  a  small  arms  system  is  hl^ly  sensitive  to  system  wei^t, 
since  the  infantryman  is  severely  weight-limited.  System  wel^t  limits 
used  for  the  e^qieriment  are  discussed  on  page  2-8. 

c.  Interrelationships 

Hits  cannot  be  related  to  near  misses  in  an  absolute  sense 
because  of  the  impossibility  of  defining  the  level  of  near  misses  constituting 
suppression  for  a  given  situation.  However,  the  relative  value  of  hits  or 
near  misses  as  a  measure  can  be  obvious  for  a  given  situation.  There  are 
also  the  possibilities  of  examining  near  misses  parametrically. 

The  relationship  between  sustainability  and  target  effects  is  clearer. 

A  gain  in  sustainability  potential  can  be  taken  out  at  the  unit  commander's 
option  as  1)  within  limits,  a  hi^er  level  of  effects,  2)  greater  sustain¬ 
ability  at  an  equal  level  of  effects,  3)  reduced  soldier's  load  at  the  same 
level  of  effects  (increase  in  mobility),  or  4)  some  combination  of  these. 

2.  Measures  of  Effectiveness 


Based  on  the  qualitative  effectiveness  concept,  three  primary 
measures  of  effectiveness  were  selected:  cumulative  target  exposure 
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time,  near  misses,  and  percentage  of  ammunition  remaining  (sustainability). 
In  addition,  twr  collateral  measures  were  selected:  targets  hit  and  total 
hits. 


a.  Primary  Measures  of  Effectiveness 

(1)  Cumulative  Exposure  Time 

Each  target  of  an  array  was  programmed  to  be  exposed  for 
a  predetermined  period  that  was  identical  for  each  squad  in  a  given  tactical 
situation.  In  the  day  defense  situation,  for  example,  the  sum  of  the  pro> 
grammed  exposure  times  for  all  the  targets  of  the  entire  array  of  50  targets 
was  15.976  minutes.  However,  individual  targets  fell  when  hit,  reducing 
their  exposure  time  and  thus  the  total  or  cumulative  exposure  time  of  the 
array.  For  programmed  total  exposure  times  for  each  tactical  situation, 
sec  Appendix  4  to  Annex  B.  In  the  hypothetical  example  shown  in  Table 
2-8  there  are  ten  targets  in  an  array  with  a  programmed  total  exposure 
time  of  12.400  minutes.  The  sequence  of  ten  UTgets  shows  that  some  tar¬ 
gets  were  raised  earlier  and  stayed  up  longer  than  others.  The  total  tar¬ 
get  exposure  time  for  targets  attacked  by  Squad  A  is  therefore  shortened 
from  the  programmed  12.400  minutes  to  5.700  minutes.  This  5.700 
minutes  total  exposure  time  is  the  cumulative  exposure  time  (CET)  for 
Squad  A.  Similarly,  Squad  B  achieves  a  CET  of  8. 800  minutes.  To  the 
extent  that  a  squad  rapidly  acquires  and  hits  targets  the  CET  will  be  less. 

A  lower  CET  indicates  that  friendly  forces  in  a  fire  fight  are  subjected  to 
fewer  man-minutes  of  return  fire  from  the  target  array  and  consequently 
suffer  fewer  casualties  and  other  effects.  Therefore,  the  concept  takes 
considerable  account  of  vulnerability. 

CET  of  the  target  system  is  a  primary  measure  of  fire  effectiveness. 

It  reflects  both  the  number  of  targets  in  a  group  that  were  hit  and  the 
timeliness  in  which  they  are  hit. 

(2)  Near  Misses 

Near  miss  data  were  obtained  in  three  of  the  six  rifle 
squad  situations  and  two  of  the  three  machinegun  squad  situations.  *  Near 
misses  passing  within  a  2  meter  hemisphere  about  the  target  were  sensed 
by  an  acoustic  sensor;  where  camouflaged  panel  sensors  were  used  (Situ¬ 
ations  5  and  6),  near  misses  were  sensed  by  a  2  meter  semicircular  panel 
,  centered  behind  the  target  body.  In  both  cases  near  misses  were  recorded 
as  a  function  of  time. 


•  The  rifle  squad  situation.!  were  the  assault  (Situation  1),  base  of  fire 
in  support  of  the  assault  (Situation  2),  and  base  of  fire  in  support  of  the 
attack  against  delaying  action  (Situation  5).  The  two  machlneg'jn  squad 
situations  were  those  in  support  of  the  rifle  squad  in  the  assault  (Situ¬ 
ation  3)  and  in  Bre  support  of  the  advance  (Situation  6). 
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Table  2-8 


HYPOTHETICAL  EXAMPLE  OF 
CUMULATIVE  EXPOSURE  TIME  (CET) 


Target 

Number 

Target  Sequence 
.  (minutes) 

Individual  Target  Exposure  Time 
(minutes) 

Hiiifjiani 

Squad  A 

Squad  B 

1 

0 

1.700 

1.700 

.500 

2 

.500 

.500 

m 

3 

.600 

■IB 

1.600 

.700 

1.500 

4 

1.000 

2.500 

1.50C 

.600 

1.500*^ 

5 

1.200 

2.000 

.800 

.800  ^ 

.800*^ 

6 

1.800 

3.000 

1.200 

.200 

1.100 

7 

4.000 

1.800 

1.000 

1.000 

8 

4.500 

1.000 

.600 

.500 

9 

4.000 

4.300 

.300 

.300  ^ 

.300*^ 

10 

4.500 

5.500 

1.  000 

.500 

.600 

Programmed  Total  Exposure 

Time  (minutes) 

12.400 

Cumulative  Exposure  Time 
(minutes) 

5.  700 

8.800 

Programmed  down  time  minus  programmed  up  time 


Pit  time  minus  programmed  up  time  (targets  went  down  when  hit) 
target  not  hit 
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The  measure  of  near  misses  used  In  the  present  report  Is  total  near 
misses.  Near  misses  are  a  primary  measure  because  of  the  importance 
of  suppressive  fire  effects.  However,  because  of  instrumentation  pro¬ 
curement  limitations  near  misses  could  not  be  measured  in  all  tactical 
situations. 


(3)  Sustainability 

The  primary  determinant  of  weapon  sustainability  (in 
the  sense  that  it  is  used  here)  is  the  length  of  time  that  available  ammuni¬ 
tion  can  sustain  an  attained  level  of  effects.  The  measure  of  sustainability 
used  here  is  the  percentage  of  ammunition  remaining  for  a  squad  mix  when 
the  squad  weapon  system  weight  constraint  (starting  system  weight),  tacti¬ 
cal  situation,  and  record  run  time  are  held  constant  for  all  squad  mixes. 

In  Figure  2-19,  for  example,  if  Squad  Weapon  Mix  B  used  50  percent  of  its 
ammunition  lo^  to  attain  a  given  level  of  effects,  it  would  have  only  half 
the  sustainability  (ability  to  maintain  the  same  level  of  effects  longer)  of 
Squad  Weapon  Mix  A  that  attained  the  same  level  of  effects  with  an  expendi¬ 
ture  of  only  25  percent  of  its  ammunition. 

b.  Collateral  Measures 

Collateral  measures,  as  defined  here,  are  lesser  included 
functions  of  primary  measures  and  therefore  are  subordinate  to  primary 
measures.  They  are  performance  measures,  rather  than  effectiveness 
measures.  However,  the  collateral  measures  of  the  number  of  targets 
hit  and  total  number  of  hits  provide  some  limited  insists  into  weapon 
system  behavior  and  sometimes  facilitate  interpretation  of  the  primary 
measures. 


(1)  Targets  Hit 

This  measure  indicates  the  number  of  targets  hit  in  a 
given  target  system,  but  gives  no  indication  of  the  amount  of  time  required 
to  secure  the  hits.  When  related  to  total  targets,  it  provides  a  measure 
of  fire  distribution  and  some  insight  into  the  cumulative  exposure  time 
measure.  If  the  same  number  of  targets  in  an  array  are  hit,  but  at  dif¬ 
ferent  times,  the  cumulative  exposure  time  will  be  different. 

(2)  Total  Hits 

This  measure  takes  into  account  multiple  hits  on  targets. 
Since  targets  in  this  experiment  fell  on  receiving  a  first  hit,  multiple  hits 
could  occur,  as  in  combat,  only  because  of  rapid  fire  from  a  single  weapon 
or  because  two  or  more  firers  acquired  and  hit  a  target  almost  simultan¬ 
eously.  The  total  hit  measure  has  collateral  worth  as  an  effectiveness 
measure,  especially  if  two  systems  rank  equally  in  other  respects. 
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(3)  Correlationi 

A  correlation  analysia  was  run  on  tneaaurcB  of  effective- 
ness,  both  primary  and  collateral,  to  determine  the  extent  of  the  relation¬ 
ships  of  the  various  measures  to  each  other,  and  to  gain  further  under¬ 
standing  of  the  nature  of  these  relationships.  Tables  describing  these 
relationships  are  presented  in  Annex  D. 

3.  Effectiveness  Qualities  -  Combat  Effectiveness  Components 

Combat  effectiveness  components  Important  to  die  evaluation  of 
small  arms  weapon  systems  include  die  folloi^ng: 

a)  Fire  Effectiveness 

b)  Weight  reduction 

c)  Tactical  versatility 

d)  Reliability 

e)  Training 

f)  Collateral  applications 

They  are  discussed  and  related  to  the  output  of  the  SAWS  field  experiment, 
in  turn. 


a.  Fire  Effectiveness 

USACDCEC  8  primary  contribution  is  in  this  area.  This  re¬ 
port  provides  the  fire  effectiveness  results,  and  relates  lethality  to  the 
effectiveness  results. 

b.  Weight  Reduction  (Mobility) 

Weight  reduction  results — rankings  of  squad  weapon  mixes 
according  to  the  amount  of  weight  that  can  be  eliminate  from  the  soldier' s 
or  squad' s  combat  load  if  a  sustainability  advantage  is  taken  out  (even 
partly)  in  weight  reduction — can  be  computed  from  the  wei^ts  of  the 
weapon  systems  and  the  sustainability  results  presented  in  Section  VI, 

The  shorter,  lighter  weapons  were  naturally  more  easily  carried  and 
therefore  increased  the  soldier' s  mobility. 

c.  Tactical  Versatility 

This  quality  Includes;  1)  the  relative  capability  of  candidate 
weapons  to  perform  the  functions  of  the  rifle,  carbine,  submachlnegun. 
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automatic  rifle,  antitank  grenade  launcher,  and  M79  grenade  launcher 
with  the  fewest  number  of  weapon  types;  and  2)  the  relative  suitability 
of  the  weapons  for  use  by  airborne,  airmobile,  mechanized  and  amphibi* 
ous  forces.  The  IfSACDCEC  SAWS  experiment  implicitly  covers  some 
aspects  of  tactical  versatility,  particularly  in  the  area  of  dismounted 
rifle  and  machinegun  squads.  For  example,  rifles,  automatic  rifles 
and  machineguns  were  all  fired  in  the  automatic  rifle  role. 


d.  Reliability 

This  quality  Includes  reliability,  durability,  ruggedness, 
and  performance  under  extreme  conditions.  The  experiment  provided 
data  on  reliability-durability  and  operation  in  the  field.  Including  sandy 
conditions.  Reliability  results  are  presented  in  Section  V.' 

e.  Training 

Training  effectiveness  for  the  experiment  is  discussed  in 
paragraph  D-4  of  this  section  and  in  Section  IV. 

f.  Collateral  Applications 

This  Includes  such  matters  as  suitability  for  use  in  the 
Military  Assistance  Program  (MAP).  The  distinction  between  this 
quality  and  tactical  versatility  is  one  of  degree.  Insight  into  Jiese  areas 
can  be  derived  from  USACDCEC  fire  effectiveness,  weight  reduction, 
and  reliability  data.  USACDCEC’s  answers  to  the  essential  elements 
of  analysis  (EEA)  provided  to  USACDC  by  separate  letter  further  relate 
USACDCEC  SAWS  data  and  results  to  some  of  these  broader  questions  of 
collateral  applications.  * 


*  Letter,  CDEC-TB,  HQ  USACDCEC,  1  April  1966,  Subject:  Essential 
Elements  of  Analysis  (EEA),  Small  Arms  Weapons  System  (SAWS) 
Program . 
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SECTION  in 


METHODOLOGY  FOR  THE  PRESENTATION  OF  RESULTS 


A.  ORGANIZATION  OF  RESULTS 

The  data  and  results  from  which  the  USACDCEC  SAWS  conclusions 
were  evolved  are  presented  in  Sections  IV  through  vm.  Each  Section 
deals  with  a  particular  type  of  experiment  or  data  base. 

Section  rv  deals  with  training  Implications. 

Section  V  presents  the  results  of  the  USACDCEC  analysis  of  the 
materiel  reliability  data  collected  during  the  experimentation. 

Section  VI  details  the  results  of  fire  effectiveness  experimentation 
designed  to  discriminate  among  squads  armed  with  different  weapon  mixes. 
That  section  Is  divided  into  three  parts.  Part  A,  dealing  with  the  rifle 
squad  mixes  for  which  experimentation  was  originally  planned  and  mixes 
provided  for  either  in  the  USACDCEC  outline  plan  or  in  a  subsequent  di¬ 
rective  from  USACDC  Headquarters;  Part  B,  covering  follow-on  rifle 
squad  experimentation  and  presenting  results  of  an  investigation  Into  the 
feasibility  of  adopting  a  rifle  squad  equipped  only  with  Colt  automatic 
rifles,  or  with  a  combination  of  Colt  rifles  and  Stoner  machlneguns;  Part 
C,  discussing  the  comparative  machlnegun  experiment. 

Section  vm  is  a  brief  note  discussing  the  relationship  between  current 
lethality  data  and  the  USACDCEC  SAWS  results  and  conclusions. 

Section  IX  presents  USACDCEC  SAWS  conclusions. 

B.  DATA  PRESENTATION  FORMAT 

The  numerical  results  for  situations  in  most  cases  are  presented 
within  the  framework  of  a  single  large  consoUdated  table  (comprised  of 
subtables)  and  a  set  of  graphs.  Tables  and  gpraphs  for  each  situation  are 
accompanied  by  brief  descriptions  of  the  situations,  summaries  of  the 
respective  tables  and  graphs,  a  list  of  standard  scores,  and  a  summary 
analysis. 

Three  types  of  data  are  presented:  descriptive  statistical  performance 
measures;  probability  measures,  and  graphic  presentations  of  the  data  as 
a  function  of  time  and  range,  where  applicable. 
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Performance  measures,  (the  effectiveness  and  collateral  measures 
discussed  In  Section  II,  are  used  to  rank  the  squad  mixes.  Probability 
measures  provide  the  means  of  determining  the  extent  to  which  experiment¬ 
ally  observed  differences  are  chance  results  caused  by  variations  in  the  ex¬ 
periment. 

If  observed  differences  have  a  low  probability  of  occurring  because  of 
experimental  variations,  It  may  be  considered  with  a  high  degree  of  con¬ 
fidence  that  the  differences  In  performance  measures  are  caused  by  system 
differences.  Performance  measures  and  their  ranking  should  not  be  used 
without  reference  to  statistical  probability  measures. 

Sections  IV,  V,  and  VII  do  not  deal  directly  with  fire  effectivness  re¬ 
sults.  These  data  are  presented  primarily  in  a  descriptive  narrative  format. 

For  purposes  of  brevity  and  clarity,  it  was  necessary  to  assign  a  two- 
letter  code  designation  to  each  weapon  mix.  The  weapon  mixes  are  referred 
to  by  this  code  In  most  of  the  tables  and  graphs  of  the  report.  The  key  is 
presented  below. 

UA  -  9  M14  Rifles 

UB  -  7  M14  Rifles  and  2  M14E2  ARs 
UC  -  5  M14  Rifles  and  2  M60  MGs 
UD  -  9  M14E2  Rifles 

CA  -  9  M16E1  Rifles 

CB  -  7  M16E1  Rifles  and  2  Colt  ARs 

SA  -  9  Stoner  Rifles 

SB  -  7  Stoner  Rifles  and  2  Stoner  ARs 

SC  -  7  Stoner  Rifles  and  2  Stoner  MGs 

RA  -  9  AK47  Rifles 

RC  -  7  AK47  Rifles  and  2  RPD  MGs 

CX  -  9  M16E1  Rifles  (Same  mix  as  CA,  but 
used  In  follow-on  experimentation 
as  a  control  mix) 

CY  -  9  Colt  ARs 

MB  -  7  M16E1  Rifles  and  2  Colt  ARs 

(Same  mix  as  CB,  but  used  in  follow-on 
experimentation  as  a  control  mix) 

MC  -  7  M16E1  Rifles  and  2  Stoner  MGs 
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C.  EXPLANATION  AND  DESCRIPTION  OF  DATA 


1.  Performance  and  Statistical  Probability  Measures 

A  difference  will  usually  emerge  If  the  characteristics  of  two 
mixes  are  measured.  For  example,  one  mix  may  measure  22  and  another 
20.  A  question  then  arises:  does  the  observed  difference  represent  a 
real  difference  in  mixes,  or  is  it  due  either  to  chance  elements  that  affected 
the  experiment  or  due  to  sampling  variations? 

There  is  no  absolute  yes  or  no  answer,  but  statistical  techniques 
can  provide  the  probability  that  an  observed  difference  is  due  to  chance 
variation.  This  is  the  likelihood  that  a  wrong  decision  would  be  made  by 
rejecting  (on  the  basis  of  the  experimental  observations)  the  hypothesis 
that  there  is  no  real  difference  in  the  systems.  . 

In  the  example  where  one  mix  performance  measured  20  and 
another  22,  the  probability  can  be  estimated  that  if  the  experiment  were 
repeated  many  times,  a  difference  of  two  or  more  would  occxir  from  chance. 
Such  a  probability  mi^t  turn  out  to  be,  for  example,  .03.  If  the  mix  that 
measured  22  were  selected  on  this  basis,  there  is  a  probability  of  .03  that 
the  selection  was  wrong— wrong  in  the  sense  that  there  may  be  no  differ¬ 
ences  in  the  system. 

If  a  probability  level  of  .  20  is  selected  for  rejecting  die  hypothesis 
of  no  real  differences,  there  is  a  high  risk  in  concluding  that  the  observed 
performance  difference  reflects  a  real  difference  in  mixes. 

It  is  also  possible  to  make  another  kind  of  erroneous  decision, 
that  of  accepting  the  hypcthesls  that  differences  in  a  performance  measure 
are  due  to  chance  when  in  fact  there  is  a  real  difference  in  the  performance 
of  the  mixes.  The  ability  of  a  statistical  test  to  indicate  real  difference  in 
performance  measures  depends  on  the  magnitude  of  the  real  difference  and 
on  the  size  of  samples.  Tnese  two  factors  influence  the  probability  of  ob¬ 
served  differences  in  the  performance  measure  and  the  magnitude  of 
observed  differences  that  will  lead  to  rejection  of  the  null  hypothesis  that 
there  are  no  system  differences.  In  this  experiment,  the  sample  sizes 
were  as  large  as  possible  within  the  practical  limit  of  the  experiment,  so 
that  real  differences  in  performance  measures  would  have  the  greatest 
likelihood  of  being  detected.  Some  real  differences  imdoubtedly  will  remain 
undetected,  but  the  rejection  probability  should  be  valid  for  any  differences 
that  are  labeled  significant. 

The  appropriate  probability  level  for  rejection  is  a  matter  of 
judgment  involving  a  certain  amount  of  risk.  A  low  level  for  rejecting  the 
hypothesis  that  the  observed  difference  is  real  reduces  the  risk  of  errone¬ 
ously  concluding  that  there  is  a  real  difference  when  there  is  not,  but  it 
Increases  the  risk  of  rejecting  a  mix  that  might  in  fact  be  superior  in  the 
quality  measures. 


To  facilitate  this  judgment  process,  the  report,  for  the  majority 
of  the  results,  presents  a  subtable  for  each  measure  presented  In  a  situation, 
showing  the  probabilities  that  can  be  attached  to  experimentally  observed 
differences  In  each  possible  pair  of  squad  mixes.  The  probabilities  are 
presented  In  numbers  up  to  .40.  These  tables  ml^t  Indicate,  for  example, 
that  the  chance  that  the  observed  difference  between  mixes  A  and  B  could 
be  equal  to  or  greater  than  the  measured  amount  Is  .08.  As  these  probabil¬ 
ity  figures  more  closely  approach  the  value  of  .50,  the  risk  that  the  experi¬ 
mentally  measured  differences  were  caused  by  chance  factors  becomes 
greater.* 

Presented  on  the  following  pages  are  Subtables  A  and  H  from  the 
table  for  Situation  2,  which  treats  cumulative  exposure  time  (CET). 

Subtable  A  shows  the  mean  (average)  raw  CET  score  In  minutes  of 
total  target  exposure  time  of  each  squad  mix,  and  the  standard  deviation 
(SD)  of  each  mix’s  score.  Finally,  it  shows  the  mean  standard  score  (z*). 
(The  standard  score  concept  will  be  discussed  further  below.)  At  the  bottom 
of  Subtable  A  is  shown  the  mean  (average)  of  the  squad  mix  mean  scores  (X), 
and  its  standard  deviation  (SO) . 

Each  measure  for  the  rifle  squad  experiment  is  also  Illustrated  In 
a  series  of  bar  graphs  located  on  the  same  foldout  page  as  the  numerical 
data  and  probability  table  presentations.  The  bar  graphs  portray  the  mean 
(average)  scores  of  all  mixes,  the  range  of  all  squad  scores,  and  the  ranges 
of  the  six  squad  scores  comprising  the  highest  aiid  lowest  scoring  mix  for 
each  measure  for  each  situation.  In  addition  to  these  bar  graphs,  histograms 
(a  type  of  bar-graph  representation)  and  graphical  representations  of  dis¬ 
tributions  of  measures  as  a  function  of  time  and  range  are  presented  for 
some  experimentation  situations.  These  two  methods  of  data  presentations 
are  explained  in  paragraphs  C-6  and  C-7  of  this  section. 

The  bar  graph  for  Situation  2  (Rifle  Squad  As  A  Base  of  Fire  Sup¬ 
porting  the  Assault)  should  be  referred  to  for  comparison  with  Subtable  A 
being  discussed  here.  The  first  block  of  the  graph  shows  CETs  that  were 
also  treated  In  the  first  table  of  statistical  figures.  Subtable  A.  The  first 
bar  on  the  left  shows  the  mean  scores  corresponding  to  mean  CETs  In  Sub¬ 
table  A;  the  second  bar  shows  the  range  of  all  squad  scores  regardless  of 


*  It  should  be  noted  that  these  probabilities  are  not  offered  as  precise 
confidence  levels  for  formal  tests  of  null  hypotheses.  Such  a  test 
would  require  either  an  a  priori  statement  of  the  particular  pair  of 
mean  values  to  be  compared ,  or  a  composite  analysis  cf  varlanc:^ 
with  the  pairwise  test  being  used  to  identify  significant  analysis  of 
variance  contributions.  In  the  absence  of  a  significant  F  test  these 
probabilities  should  only  be  considered  to  provide  a  rough  Indication 
of  the  relative  Importance  of  the  magnitude  of  the  differences  tested. 
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the  squad  mix;  the  third  bar  shows  the  ran^e  of  scores  of  the  leading;  rifle 
squad  mix  (the  UA  mix  composed  of  nine  M14  rifles);  and  the  fourth  bar 
shows  the  CET  score  ran^e  for  the  lowest  ranking  rifle  mix  (the  RA  mix 
composed  of  nine  AK47  rifles)  (page  6-23). 

The  performance  measure  tables  and  the  graphs  complement  each 
other,  both  showing  the  mean  average  scores  for  each  mix  In  rank  order. 
The  tables  also  provide  standard  deviations,  while  the  graphs  provide  the 
range  of  scores  contributing  to  these  deviations. 

2.  Combined  Use  of  Descriptive  Performance  Measures  and  Statistical 
Probability  Data 

Subtables  A  and  H  (CET  for  Situation  2)  shown  above  can  be  used  to 
Illustrate  how  the  two  types  of  data  should  be  used.  Subtable  A  indicates 
that  mix  UA  (nine  M14  rifles)  ranks  first  with  a  CET  of  77.5  minutes  and 
mix  CA  (nine  Colt  rifles)  is  second  with  mean  CET  of  78.2  minutes.  Sub¬ 
table  A  does  not  state  whether  this  difference  as  measured  In  the  experi¬ 
ment  is  a  statlst'cally  significant  difference,  m  other  words.  If  further 
experiments  were  conducted,  what  are  the  odds  the  results  would  go  the 
other  way?  If  the  odds  are  hl^.  It  should  be  concluded  that  the  measured 
difference  Is  not  statistically  significant  and  that,  for  practical  purposes, 
one  system  appears  as  good  as  the  other  as  far  as  the  particular  measure 
Is  concerned. 

In  the  case  of  the  UA  and  CA  comparison,  a  measure  of  such  odds 
can  be  obtained  by  referring  to  the  Subtable  H  adjacent  to  Subtable  A,  which 
shows  probability  (p)  factors  (for  the  two  sample  t-statlstics) .  In  the  cell 
of  row  UA  and  of  Column  CA  Is  the  factor  p>  .40.  This  p-value  Indicates 
that  a  low  level  of  statistical  confidence  attaches  to  the  experimentally 
observed  difference  In  Situation  2  CET  as  between  UA  and  CA.  As  far  as 
the  experimental  results  are  concent,  UA  and  CA  In  this  situation 
appear  about  equally  effective  In  CET. 

In  a  comparison  of  UA  with  UC  (five  Ml 4s  and  two  M60s),  however, 
one  can  read  across  the  p-value  table  and  see  the  number  .03.  In  this  com¬ 
parison,  confidence  in  the  conclusion  that  UA  Is  superior  to  UC  Is  relatively 
hlg^i. 

The  combined  use  of  statistical  probability  measures  smd  the  per¬ 
formance  measures  can  serve  as  an  aid  for  analysts  and  decision  makers. 

In  the  case  of  the  UA  and  CA  comparison  (p>.40)  discussed  above,  there 
fs  little  evidence  for  concluding  that  there  Is  a  real  difference  between 
mixes  on  the  measure  of  CET.  However,  the  systems  may  very  well  be 
different  regarding  the  other  effectiveness  measures.  S’Jbtable  B  for  Sit¬ 
uation  2  (page  6-23)  shows  that  In  near  misses  CA  scored  323  and  UA  scored 
259.  The  statistical  probability  Is  .05.  Similarly,  In  sustainability  (Sub - 
table  C)  (page  6-23)  CA  scored  50.5  and  UA  22,0.,  with  p  =  .  001.  Thus  it 
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be  concluded  in  this  situation  that  the  CET  qualities  of  CA  and  UA 
are  a  toss  up  but  that  the  experimental  evidence  strongly  supports  the  con¬ 
clusion  that  CA  is  superior  to  UA  in  near  misses  and  sustainability.  On 
this  basis  it  might  then  be  concluded  that  the  experimental  results  in  Sit¬ 
uation  2  indicate  that  CA  is  the  superior  mix. 

Successive  pairs  of  systems  can  be  analyzed  by  situation  and  event 
in  the  same  fashion  as  above.  Such  a  process,  however,  is  time  consuming 
and  requires  judgment  at  numerous  points .  One  important  type  of  Judgment 
centers  on  what  is  the  appropriate  probability  that  should  be  used.  Other 
judgments  must  center  on  possible  tradeoffs  suggested  by  the  data.  For 
example.  System  A  produces  10  percent  more  near  misses  than  System  B 
but,  relative  to  B,  has  30  percent  less  sustainability  in  terms  of  the  percent 
of  ammunition  remaining.  Is  such  a  tradeoff,  or  price  in  sustainability, 
worth  the  extra  near  misses?  In  part,  the  answer  would  depeiui  on  the 
absolute  sustainability  scores  attained.  It  is  one  thing  if  A  has  a  sustain¬ 
ability  score  of  80,  and  B,  50;  perhaps  another  if  A  had  40  and  B  had  10. 
m  the  latter  case  a  hypothetical  squad  might  be  in  poor  condition  to  resist 
an  immediate  counterattack  after  a  successful  attack. 

However,  it  may  be  neither  practical  nor  possible  to  go  through 
a  detailed  analysis  of  the  kind  suggested  here  as  a  means  of  evaluating 
weapon  mixes.  It  is  therefore,  desirable  to  provide  an  evaluation  and 
appraisal  of  weapon  mixes,  preferably  by  a  less  involved  method.  To 
facilitate  such  an  analysis,  the  concept  of  standard  scores  is  useful. 

Hence,  a  short  discussion  of  standard  scores  is  presented  in  each  subtable 
for  each  experimentation  measure  and  in  summary  subtables. 

3.  Standard  Scores 


Scores  obtained  for  weapon  mixes  for  each  of  the  measures  in 
the  SAWS  experiment  are  not  directly  comparable  between  situations  or 
between  measures.  For  example,  CET  is  measimed  in  minutes,  near 
misses  in  actual  number,  and  sustainability  in  percent  of  ammu^tlon  re¬ 
maining.  Moreover,  CET  may  average  3  minutes  in  one  situation  and  20  in 
another.  In  dealing  with  such  observations,  it  is  desirable  to  have  scores 
that  can  be  easily  compared.  This  is  what  standard  scores  do. 

Consider  the  following  hypothetical  example  for  a  situation. 
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Measure 

of 

Mean 

SD 

Raw 

Scores 

Deviations 

Standard 
Score  (Z) 

Adjusted  Std 
Score  (Z) 

Effective¬ 

Score 

X 

M 

X 

Mix 

Mi 

x 

Mix 

ness 

A 

B 

A 

B 

A 

B 

A 

Near 

Misses 

155,7 

26.4 

196 

162 

40.3 

6.3 

1.53 

.24 

79.8 

80.6 

CET 

33.7 

8.2 

20 

44 

-13.7 

10.3 

-1.67 

1.25 

16.6 

75.0 

In  this  example,  the  mean  score  (X)  represents  the  average  of  the 
raw  scores  of  the  ten  mixes  in  a  given  situation.  The  example  also  shows 
the  standard  deviation  (SD)  of  these  raw  score  averages. 

Consider  next  the  raw  score  measures  for  Mixes  A  and  B.  Note, 
for  example,  Mix  A's  near  miss  performance  deviates  from  the  mean  score 
of  all  mixes  by  40.3.  When  this  raw  deviation  for  the  mix  Is  divided  by  the 
standard  deviation  of  the  group  score  (26.4),  the  standard  score  (^  of  1.53 
is  obtained. 

Such  measures  have  a  mean  of  zero  and  a  standard  deviation  1 . 

To  eliminate  negative  scores  and  put  them  on  a  scale  similar  to  conven¬ 
tional  scoring  methods,  they  can  be  adjusted  by  selected  constant  factors. 

For  the  purpose  of  this  experiment,  they  were  adjusted  as  follows; 

z'  =  50  +  20 

SD 

where  the  expression  In  the  brackets  represents  the  standard  score  z,  as 
shown  in  the  table  above,  and  z'  represents  the  adjusted  standard  scores.  * 

The  standard  score,  therefore.  Is  used  In  this  report  as  a  numer¬ 
ical  representation,  or  Index,  to  facilitate  understanding  the  relative  effect¬ 
iveness  of  each  weapon  system  mix  In  each  situation.  A  standard  score  that 
Is  below  50  automatically  Indicates  that  the  actual  performance  of  that  weapon 
mix  was  above  the  average  for  that  measure. 

The  standard  scores  not  only  provide  an  immediate  index  of 
whether  weapons  systems  performance  is  above  or  below  the  average  but 
they  also  provide  an  immediate  visual  index  of  how  far  that  squad  weapon 
mix's  performance  deviates  from  the  average  In  relation  to  how  far  the 
other  mixes  deviate  from  the  same  average. 


*  is  the  raw  score  of  the  mix,  X  is  the  average  raw  score  of  all  mixes, 
and  SD  is  the  standard  deviation  of  the  raw  scores  for  all  mixes. 
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The  standard  scores  thus  provide  a  ready  means  of  combining  the 
various  performance  measures.  All  performance  measures  (CET,  near 
misses,  sustainabilit>’,  number  of  targets  hit,  and  total  number  of  hits) 
now  have  an  identical  average  score  of  50  and  identical  standard  deviation 
of  20.  Thus,  if  a  weapon  mix  is  above  average  in  both  CET  and  near  misses, 
the  results  of  combining  these  standard  scores,  no  matter  what  weights  were 
assigned  to  each  must  show  a  resulting  mean  (average)  standard  score  of 
above  50--since  its  above  average  performance  on  both  measures  required 
it  to  have  a  standard  score  of  above  50  on  both  measures.  Therefore,  al¬ 
though  raw  scores  of  different  variables  cannot  be  meaningfully  combined, 
the  standard  scores  can. 

The  combining  of  standard  scores  rather  than  the  direct  averag¬ 
ing  of  ranks,  or  some  similar  method,  also  takes  into  consideration  tt  ■! 
relative  superiority  or  inferiority  of  the  performances  of  different  ml>  s 
on  different  measures.  For  example,  it  will  be  noted  that  mix  UA  did 
better  than  mix  SB  on  the  target  effectiveness  measure  of  CET  in  Situa¬ 
tion  5 — ^but  that  mix  SB  did  better  in  the  other  target  effectiveness  measu/  os 
of  the  number  of  near  misses.  If  a  decision  were  to  be  made  to  weight  the 
two  measures  equally,  the  conclusion  might  be  drawn  that  UA  and  SB  were 
equal  to  each  other  in  target  effects,  since  UA  was  higher  than  SB  on  one 
of  the  measures  while  SB  was  higher  on  the  other  measure.  A  comparison 
of  the  standard  scores  presented  below,  however,  might  lead  to  a  different 
conclusion. 


Mix 

Cl 

ET 

Near  Misses 

Target  Effects 

Rank 

Std 

Rank 

Std 

Rank 

Std  Score* 

Order 

Score 

Order 

Score 

Order 

(Av  of  CET  and  NM) 

UA 

1 

54.45 

2 

46.7 

2 

50.57 

SB 

2 

53. 37 

1 

71.3 

1 

62.49 

*  If  CET  and  near  misses  were  weighted  equa! 


ly 


i 

a 

Therefore,  combining  standard  scores  to  assist  in  the  interpreta-  f 

tion  of  results  automatically  considers  that  althou^  mix  UA  was  better 
than  mix  SB  in  CET,  die  difference  was  very  slight;  but  that  in  the  case 
of  near  misses ,  when  SB  was  better  than  UA,  the  difference  was  rela¬ 
tively  much  larger. 


♦  If  CET  and  •  ....  .  es  were  weighted  equally. 
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4. 


SAU?  Target  FffecU  und  Ovemll  Effectlvgnggg  Scorgs 


Subtablea  F  and  G  of  the  consolidated  tables  for  each  situation 
present  the  averafce  standard  scores  for  each  mix  in  target  effects  and  over* 
all  effect i^-e ness.  Subtable  F  provides,  in  rank  order^  the  overall  standard 
scores  for  target  effects  (CET  and  near  misses)  combined.  Subtable  G  pre¬ 
sents  the  overall  standard  scores,  in  rank  order,  of  the  weapon  mixes  for 
target  effects  (CET  and  near  misses)  combined  with  the  third  primary  effect¬ 
iveness  measure  of  sustainability  (percentage  of  basic  load  of  ammunition 
remaining  at  the  conclusion  of  each  situation). 

Subtable  F,  therefore,  presents  the  overall  standard  scores  of 
weapon  mixes  rank  ordered  according  to  their  overall  target  effects.  For 
Illustrative  purposes,  CET  (representing  targets  hit  as  a  function  of  time) 
has  been  equated  in  ^btable  G  with  near  misses  (representing  the  number 
of  near  misses  per  unit  of  time).  There  are,  matnematlcally,  an  infinite 
number  of  weightings  that  can  be  given  other  than  the  arbitrary  1-to-l 
weights  presented.  If  it  were  desired,  for  example,  to  wei^t  near  misses 
In  the  assault  twice  as  much  as  CET,  then  the  near  miss  standard  score 
provided  in  Subtable  B  would  be  multiplied  by  2,  added  to  the  CET  standard 
score  for  Subtable  A,  and  the  result  divided  by  3. 

In  Situation  4  (Rifle  Squad  Approach  to  Contact) ,  Situation  7  (Rifle 
Squad  in  Day  Defense),  Situation  8  (Rifle  Squad  In  Night  Defense),  and 
Situation  9  (Machinegun  Squad  in  Day  Defense)  near  misses  were  not 
measured.  Therefore,  the  overall  target  effects  standard  scores  presented 
in  Subtable  F  are  based  solely  on  CET.  Thus,  for  these  situations,  the 
standard  scores  In  Subtable  F  are  identical  to  those  In  Subtable  A  (CET). 

Subtable  G  presents  the  combined  overall  standard  scores  for  each 
situation  for  all  of  the  primary  effectiveness  measures  (CET,  near  misses, 
and  sustainability).  In  oiher  words.  Subtable  G  combines  each  of  the  prim¬ 
ary  effectiveness  measures  used  in  the  experiment  Into  an  overall  effective¬ 
ness  Ci'iterlon  and  rank  orders  the  weapons  mixes  accordingly.  It  must  be 
emphasized  that  these  rank  orders,  for  Illustrative  purposes  only,  weight 
each  of  the  primary  effectiveness  measures  equally.  Thus,  CET,  near 
misses,  and  sustainability  each  contribute  to  one-third  of  each  weapon  mix's 
overall  rank  order,  which  in  effect  weights  target  effects  (CET  and  near 
misses)  two-thirds  and  sustainability  one-third. 

In  Situations  4,  7,  8,  and  9,  where  scores  for  target  effects  are 
based  solely  on  first  hits  as  a  function  of  time  (CET) ,  target  effects  are 
still  weighted  two-thirds  and  sustainability  one-third.  Thus,  regardless  of 
the  situation,  the  overall  ranking  of  weapon  mixes,  as  presented  in  Sub¬ 
table  G,  is  always  the  result  of  giving  sustainability  a  weight  of  one-third. 

For  rifle  squad  Situation  2  (Base  of  Fire  supporting  the  Assault), 
Situation  5,  Rifle  Squad  as  a  Base  of  Fire  Supporting  the  Advance),  Situa¬ 
tion  7  (Defense  Against  Attack),  and  Situation  8  (Night  Defense  A^nst 
Attack),  there  is  a  fifth  column  for  each  Subtable  C  (Sustainability).  This 
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column  (titled  "SusUdnability  Time")  lists,  in  minutes,  the  Amount  of  time 
that  each  of  the  given  squad  mixes  would  be  able  to  sustain  itself  in  that 
situation.  Thus,  if  a  squad  weapon  mix  fired  75  percent  of  its  ammunition 
over  the  4  minute  duration  of  Situation  2  (Base  of  Fire  Supporting  the 
Assault),  the  weapon  mix  was  considered  capable  of  sustaining  itself  in 
such  a  situation  for  5.33  minutes.* 


?cted  Scores 


The  method  of  computing  expected  scores  was  the  same  for  Series 
1  and  2  of  Situations  7,  Series  1  and  2  of  Situation  8,  and  the  duplex  experl* 
ment.  The  equations  used  to  calculate  expected  scores  for  primary  and 
collateral  measures  and  the  basic  proportions  used  in  these  calculations 
were  the  same'  for  each  situation.  This  basic  format  was  constructed  as 
follows: 


Experimentation  Control 
Squads _  Squads 


Series  1  (first  firing) 


Series  2  (second  firing)  Cj 


M  =  The  mode  of  fire  (ball  or  duplex,  automatic  or 
semiautomatic)  used  by  all  squads  of  the  mix 
during  their  first  firing  of  the  situation 


*  The  figures  presented  in  the  subtables  of  the  various  tables  for  each 
event  provide  the  USACDCEC  SAWS  data  in  terms  of  means  (averages), 
standard  deviations,  standard  scores,  and  probabilities  (illustrating 
levels  of  significance).  However,  there  are  a  number  of  technical  rules 
for  the  precise  interpretation  of  these  statistics:  and  a  number  of  math¬ 
ematical  assumptions  that  must  be  satisfied  if  these  are  to  be  used  pre¬ 
cisely  and  in  the  most  meaningful  manner,  hi  the  final  analysis,  each 
score  and  statistic  presented  can  be  looked  at  and  consfalered  only  in 
conjunction  with  all  other  statistics  of  the  table.  Thus,  rank  orders  of 
weapons  systems  and  standard  scores  have  full  meaning  only  in  con¬ 
junction  with  the  values  in  the  probability  subtables  (H,  I,  J,  K,  and  L). 
Furthermore,  for  a  precise  Incerpretation,  it  is  necessary  to  Im  thoroughly 
familiar  with  the  many  assumptions  inherent  to  the  various  statistical  pro¬ 
cedures  and  measures  used  and  to  understand  thoroughly  the  mathematical 
relationships  between  these  measux^s.  An  attempt  has  therefore  been  made 
to  provide  siifficient  data  to  allow  the  reader  to  reconstruct  the  various 
situations,  perform  his  own  analyses,  and  draw  his  own  conclusions.  Li 
this  respect  the  chi  square  values  for  Bartlett's  Test  for  Homogeneity  of 
Varismee  as  well  as  F  values  and  corresponding  probabilities  for  these 
F  ratios  are  also  presented. 


D  =  The  mode  of  fire  used  by  three  of  the  six  rifle 
squads  during  the  second  firing,  and  the  mode 
against  which  a  comparison  with  the  first  firing's 
M  mode  was  desired 

Anf  Average  scores  for  the  three  experimental  squads 
(usually  the  odd  numbered  squads  of  the  mix)  after 
their  first  firing  In  M  mode 

Btn*=Average  score  for  the  three  control  squads  (usually 
the  even  numbered  squads  of  the  mix)  after  their 
first  firing  in  M  mode 

Djjj=Average  score  for  the  three  control  squads  after 
their  second  firing  of  the  situation  using  M  mode 

Cj=Average  score  for  the  three  experimental  squads 
after  their  second  firing  of  the  situation,  but 
using  O  mode  rather  than  M.  which  was  used 
during  their  first  firing,  and  which  control  squads 
continued  using 

The  equation  used  to  calculate  the  expected  mix  score  (the  score 
that  would  have  been  expected  of  the  entire  six  squad  mixes  from  the  first 
firing  of  the  situation  If  mode  D,  rather  than  M,  had  been  used)  reads: 

Expected  =  (A+B)  (1  +  ‘ 

6.  Graphical  Presentation  of  Measures  as  a  Function  of  Time 
and  Range 

Results  for  rifle  squad  situations  are  also  presented  in  the  form 
of  graphs.  Hits,  near  misses,  total  hits,  percent  of  ammunition  expended, 
and  number  of  rounds  fired  are  illustrated  all  as  a  function  of  time  and 
range.  Except  for  Situations  7,  and  8,  time  is  represented  on  one  axis 
and  the  measure  of  effectiveness  on  the  other.  All  the  measures  indicated 
above  may  not  be  represented  on  all  graphs. 

Because  the  targets  were  programmed  to  rise  and  fall  in  sequence 
at  different  times  in  Situations  7  and  8,  either  individually  or  in  groups, 
distributions  of  the  effectiveness  measures  as  a  function  of  scenario  time 
were  not  applicable.  For  Situation  7  and  8,  therefore,  the  measures  have 
been  cumulatively  plotted,  starting  with  the  targets  at  the  greatest  range 
(which  came  up  first)  and  cumulating  the  measures  through  the  assault 
targets  that  were  closest  to  the  firers  and  came  up  last. 
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These  gi  aphs  present  the  relative  effectiveness  of  the  various 
weapon  mixes  at  different  ranges,  and  at  different  times  in  each  situation. 
They  also  permit  a  ready  analysis  by  weapon  mix  of  the  relationship  bt 
the  various  measures  to  each  other  at  varying  ranges  and  times. 

For  example,  Figure  3-1  illustrates  the  distribution  of  targets 
hit  and  near  misses  for  hypothetical  Mixes  A  and  B  in  Situation  I  (Rifle 
Squad  in  Line  Assault), 

The  time  scale  is  presented  at  the  bottom  of  each  graph.  The 
range  scale  is  presented  on  the  center  line  between  two  graphs. 


An  examination  of  the  graphs  by  comparing  the  maximum  point  of 
each  curve  (intersection  of  curves  with  right  vertical  axis)  shows  that 
Weapon  Mixes  A  and  B  are  equivalent  in  total  number  of  near  misses  (400), 
but  ^at  Mix  B  is  superior  to  Mix  A  in  the  number  of  targets  hit  during  the 
Assault  Situation  (6.5  versus  4.5).  Examination  shows  that  the  squads  of 
Mix  A  averaged  their  first  target  hit  (Indicated  by  *  on  the  curve)  in  the 
Assault  at  a  range  of  50  meters  from  the  targets  while  Mix  B  averaged  its 
first  hit  in  the  Assault  at  a  range  of  100  meters  from  the  targets.  A  com¬ 
parison  of  the  curves  further  shows  that  Mix  A  squads  hit,  on  the  average, 
only  one  target  during  the  movement  from  130  meters  in  to  50  meters,  while 
Mix  B  during  the  same  time  of  movement  across  the  same  amount  of  ground 
had  hit  an  average  of  three  targets.  However,  the  slopes  and  increase  in 
curve  ordinates  between  50  meters  and  the  end  of  the  assault  (30  meters 
from  the  targets  in  the  experiment  due  to  danger  of  damaging  ground  level 
target  instrumentation)  shove's  that  both  mixes  averaged  an  identical  3.5 
targets  hit  during  this  period.  Examination  of  these  gpraphs  indicates  that 
both  mixes  were  equivalent  in  the  Assault  in  their  suppressive  fire  effects 
as  a  function  of  near  misses  and  in  their  ability  to  hit  targets  at  a  range  of 
50  meters  and  closer,  but  that  Mix  B  is  superior  in  its  ability  to  hit  targets 
at  ranges  of  more  tlian  50  meters.  Mix  B's  overall  superiority  at  the  com¬ 
pletion  of  the  Assault  is  therefore  due  solely  to  its  superiority  in  attaining 
hits  at  ranges  of  more  than  50  meters. 

Figure  3-2  presents  data  for  hypothetical  Mix  C  firom  Situation  2 
(Rifle  Squad  as  a  Base  of  Fire  in  Support  of  the  Assault,  ranges  of  269  to 
326  meters).  The  center  vertical  dashed  line  represents  the  division 
between  the  two  target  arrays.  (See  Section  n  for  a  description  of  Sit¬ 
uation  2. )  The  first  2  minutes  of  fire  were  directed  at  the  left  array  of 
17  targets.  At  the  end  of  2  minutes  (indicated  by  the  time  scale  on  the 
horizontal  axis)  firers  shifted  fire  to  the  right  array  to  reproduce  the 
effects  of  the  shift  of  fire  that  is  necessary  when  the  assaiilt  element 
closes  with  the  enemy  position. 


Him  (mlanCM)  t 
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Figure  3-2  DISTRIBUTION  OF  DATA,  HYPOTHETICAL  WEAPON-SQUAD 
MIX  C  IN  SITUATION  2  (RIFLE  SQUAD  AS  A  BASE  OF  FIRE  IN  SUPPORT  OF 


THE  ASSAULT) 


In  this  example  (Figure  3-2)  it  can  be  seen  that  the  number  of 
rounds  fired  and  the  number  of  near  misses  rose  steadily  and  at  a  constsmt 
rate  throughout  the  4  minutes  of  fire.  For  every  near  miss  registered 
within  2  meters  of  a  target  there  were  S  rounds  fired.  By  comparing 
the  ends  of  the  curves,  It  can  also  be  seen  that  there  were  1700  rounds 
fired  and  10.5  targets  Ut,  or  one  target  hit  for  each  162  rounds  fired.  But, 
unlike  near  misses  and  ammunition  expenditure,  most  of  the  targets  hit 
for  each  array  were  hit  during  the  latter  portion  of  the  2  minute  firing 
times.  The  graph  shows  that  even  though  the  rate  of  ammunition  consump¬ 
tion  and  near  misses  for  hypothetical  Mix  C  Is  constant  during  the  entire 
situation,  the  rate  of  hits  is  not.  There  were  practically  no  hits  during 
the  first  minute  of  fire  on  each  array;  however,  during  the  latter  part  of 
the  firing  on  each  array  the  rate  of  hits  increased  at  an  extremely  high 
rate.  A  gentle  sloping  curve,  therefore,  indicates  that  there  were  few 
hits  while  a  steep  slope  of  the  curve  indicates  a  high  rate  of  hits. 

Figure  3-3  presents  an  example  of  cumulative  exposure  time 
(GET)  plotted  as  a  function  of  range  for  a  situation  similar  to  Situation  7. 

In  this  situation  targets  rose  Individually  or  in  small  groups  for  brief 
exposures.  The  program  provided  for  a  sequence  of  target  exposures 
starting  at  distant  ranges  and  culminating  in  the  exposure  of  ten  close 
range  (approximately  45  meter)  targets.  The  exposure  times  of  each 
target  are  cumulated  from  the  most  distant  target  through  the  closest 
target  (from  left  to  right  on  the  horizontal  axis  of  the  graph) .  If  every 
target  were  hit  at  precisely  the  same  Instant  that  it  appeared,  the  target 
exposure  time  wotUd  be  theoretically  zero  and  the  GET  curve  would  be  a 
horizontal  line  corresponding  with  the  horizontal  axis  of  the  graph.  On 
the  other  hand,  if  no  target  were  ever  hit,  each  target  would  remain  up 
for  its  entire  programmed  exposure  time,  represented  in  Figure  3-3  1^ 
the  curve  labeled  GPET  (cumulative  programmed  exposure  time).  There¬ 
fore,  all  curves  for  all  mixes  must  fall  somewhere  ^tween  the  GPET 
curve  and  the  horizontal  axis.  Thus,  the  mix  with  the  GET  curve  closest 
to  the  horizontal  axis  hits  the  targets  the  quickest.  The  intersection  of 
this  curve  with  the  right  vertical  axis  of  the  graph  represents  the  GET  of 
that  mix  for  the  entire  situation.  A  comparison  of  the  slopes  of  the  curves 
of  any  two  mixes  for  any  range  increment  will  show  which  weapon  mix  was 
superior  at  that  range.  The  mix  with  the  curve  that  has  the  steepest  slope 
at  any  given  range  is  ttie  poorest  mix  at  that  range. 

Also  illustrated  are  curves  for  the  number  of  targets  hit,  the 
total  number  of  hits  and  ammunition  expenditure.  From  Figure  3-3,  it 
can  be  seen  that  ammunition  expenditure  was  greatest  at  the  longer  ranges 
while  the  number  of  targets  hit  was  the  least,  and  that  it  took  longer  to  hit 
the  targets  that  were  hit.  At  the  closest  ranges  (45  to  60  meters),  however, 
there  was  very  little  ammunition  expended  (almost  horizontal  slope  of  the 
"rounds  fired”  and  "percent  of  ammunition  remaining"  curves),  yet  the 
curves  for  both  numl^r  of  first  hits  (targets  hit)  ,  and  number  of  total  hits 
on  targets  increases  sharply  in  slope.  Furthermore,  not  only  are  more 
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tirgcts  hit  but  they  arc  hit  more  quickly,  as  indicated  by  the  relatively 
flat  CET  curve  at  the  45  and  60  meter  ranges.  The  fact  that  the  targets 
were  hit  so  quickly  can,  of  course,  be  related  here  to  the  fact  that  very 
little  ammunition  was  expended.  Had  the  targets  not  been  hit  so  quickly, 
they  would  have  been  flr^  at  for  a  longer  time  with  a  resulting  increase 
in  the  amount  of  ammunition  expended. 

These  gp'aphical  presentations  of  the  distribution  of  effectiveness 
measures  as  a  function  of  time  and  range  permit  a  ready  comparison  of 
the  behavior  of  the  various  effectiveness  measures  within  a  weapons  mix, 
while  at  the  same  time  permitting  a  comparison  of  the  mixes  with  each 
other  at  varying  ranges  and  under  varying  conditions. 

7.  Histogram  (Bar  Graph)  Presentation  of  Near  Misses  as  a  Function 
of  Target  Location 


For  situations  where  near  misses  were  recorded,  the  distribution 
of  near  misses  across  the  target  arrays  are  presented  in  the  form  of  histo¬ 
grams,  as  in  Figure  3-4.  There  Is  one  histogram  for  each  mix  for  each 
applicable  situation.  Each  vertical  bar  represents  one  target.  The  height 
of  the  bar  depicts  the  average  total  number  of  near  misses  by  the  six  squads 
of  the  weapon  mix  for  that  target.  Each  set  of  histograms  is  accompanied 
by  a  schematic  sketch  (to  scale)  of  the  target  array  to  which  the  histogram 
applies.  The  type  of  weapon  simulator  associated  with  each  target  and  the 
target  number  is  given  at  the  bottom  of  each  vertical  bar.  The  targets 
(vertical  bars)  are  shown  from  left  to  right  In  the  same  order  that  they 
appear  in  the  actual  array  (and  in  the  inset  schematic). 

A  comparison  of  the  relative  effects  of  automatic  firing  and 
semiautomatic  firing  weapons  regarding  distribution  of  fire  patterns  is 
possible  through  a  comparison  of  these  histograms,  as  Is  a  comparison 
of  the  relative  suppressive  effects  of  the  different  weapon  systems  and 
mixes.  An  analysis  of  the  distribution  of  fire  in  the  target  area  relative 
to  the  type  of  enemy  fire  from  the  position  allows  conclusions  to  be  drawn 
regarding  the  extent  to  which  fire  is  drawn  to  automatic  weapons  as 
opposed  to  relatively  slow  firing  semiautomatic  rifles  (Indicated  by  R  on 
the  histogram). 


The  example  (Figure  3-4)  shows  no  apparent  relationship  between 
types  of  enemy  weapon  and  distribution  of  fire  at  first  glance.  In  fact. 
Position  10,  a  rifle  position  firing  a  small  volume  of  semiautomatic  fire 
(simulator  fired  spaced  single  shots),  received  more  near  misses  than  any 
other  target.  However,  examination  of  the  inset  schematic  of  the  target 
array  shows  that  this  target  was  located  directly  In  front  of  a  machinegun 
and  down  the  slope  from  it.  It  is  also  located  between  many  of  the  firers 
and  three  other  targets  (two  rifles  and  one  automatic  rifle).  Therefore, 
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Number  of  Near  Misses 


it  can  be  seen  through  a  comparison  of  the  histogram  and  the  schematic 
sketch  that  rounds  fired  at  a  machinegun,  an  automatic  rifle,  and  two  other 
riflemen  would  all  pass  close  to  Target  10.  Thus,  one  round  of  ammunl* 
tion  may  register  as  a  near  miss  on  as  many  as  four  different  targets,  in 
the  same  manner  that  one  round  is  capable  of  contributing  to  the  suppressions 
of  more  than  one  soldier  in  combat.  It  also  becomes  obvious  that  a  ratio  of 
the  total  niunber  of  near  misses  (as  registered  in  the  SAWS  experiment)  to 
the  number  of  rounds  fired  cannot  be  Interpreted  as  the  probability  that  any 
given  round  will  be  within  a  given  distance  of  the  target.  For  example,  if 
2000  rounds  were  fired  by  a  weapon  mix  and  200  near  misses  were  recorded, 
it  does  not  mean  that  one  out  of  every  ten  rounds(2$^  =  10)  passed  within 
the  2  meter  near  miss  zone  of  a  target,  because  one  round  may  have  been 
registered  as  a  near  miss  by  two  or  more  targets. 

This  histogram  may  therefore  be  used  as  a  primary  tool  for 
analysis  of  the  mechanisms  of  distribution  of  fire,  interactions  of  target- 
firer  characteristics,  and  for  comparison  of  the  various  weapon  mixes 
regarding  both  suppressive  fire  and  distribution  of  fire  characteristics. 

Not  included  In  this  report,  but  available  at  USACDCEC  for  analysis, 
are  detailed  breakdowns  of  near  misses  for  each  individual  target  as  a 
function  of  time  and  range.  When  related  to  data  regarding  the  frequency 
that  specific  targets  were  hit,  analysis  permits  a  determination  of  the 
pattern  of  random  and  aimed  hits  as  a  function  of  distribution  of  fire. 


D.  ANALYSIS  AND  DERIVATION  OF  CONCLUSIONS 

The  following  five  sections  (Section  IV  through  VH,  and  DC)  present  results 
of  the  SAWS  experiments  and  deal  with  the  USACDCEC  SAWS  conclusions 
aixl  the  analyses  from  which  the  conclusions  were  evolved. 

USACDCEC  has,  In  effect,  presented  the  results  of  the  SAWS  experi¬ 
ment  in  a  format  of  tables  and  graphs  allowing  Independent  mathematical 
analysis  of  the  data  presented.  At  the  same  time  decision  makers  are 
permitted  to  Integrate  military  Judgment  Into  the  mathematical  results. 

hi  formulating  Its  conclusions,  USACDCEC  has  exercised  military 
Judgment  only  to  the  limited  extent  that  on  some  occasions  a  Judgmental 
decision  had  to  be  made,  regarding,  for  example,  the  Implications  of 
the  ability  of  a  weapon  to  sustain  Itself  when  all  other  things  were  equal. 

target  effects  are  approximately  equal  for  two  weapon  mixes ,  but  one 
mix  Is  significantly  better  than  the  other  In  Its  ability  to  sustain  these 
effects,  then  the  weapon  mix  with  the  sustainability  ^vantage  would 
normally  be  chosen.  In  like  manner,  although  the  average  score  for  one 
mix  might  be  superior  to  the  average  score  for  another  mix.  It  becomes 
necessary  to  consider  Just  how  valid  aztd  of  how  much  practical  Importance 
the  differences  are. 
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In  combining  scores  for  the  presentatlcn  of  combined  overall  results 
In  the  various  tables,  cumulative  exposure  time,  near  misses,  and 
sustainability  were  weighted  equally  (except  where  near  misses  were  not 
measured),  as  were  each  of  the  rifle  squad  situations.  However,  before 
any  conclusions  could  be  drawn  on  the  basis  of  rank  orders,  raw  scores, 
or  standard  scores,  it  was  necessary  to  consider  each  difference  in 
connection  with  the  probabilities  that  the  numerical  differences  were 
really  valid  differences  and  not  the  result  of  operations  of  chance  factors. 

It  was  then  necessary'  to  conduct  sensitivity  analyses  of  the  data  to  deter¬ 
mine  the  degree  of  sensitivity  of  the  rankings  to  changes  in  the  weightings 
of  the  criterion  measures  and  situations. 

For  example,  Mix  SC  (seven  Stoner  rifles  and  two  Stoner  machlneguns) 
ranks  in  the  top  position  in  combined  target  effects  across  all  rifle  situa¬ 
tions.  SensitiWty  analysis  showed  that  it  also  ranks  at  least  third  in 
every  situation  and  was  superior  in  target  effects  to  every  US  7.62mm 
mix  in  each  of  the  six  situations.  Therefore,  it  does  not  matter  how  much 
any  given  situation  Is  weighted,  the  mix  composed  of  seven  Stoner  rifles 
and  two  Stoner  machlneguns  always  comes  out  superior  to  every  one  of 
the  US  7.62mm  mixes.  It  may  therefore  be  concluded  that  Mix  SC  is 
superior  to  any  7.62mm  weapon  mix  In  target  effects. 

Analysis  of  the  quantitative  differences  between  weapon  mixes  (or 
systems) ,  judged  by  the  quality  of  the  differences  as  indicated  by  various 
statistical  measures  including  probabilities  (statistical  significance  of  the 
differences),  provided  the  mathematical  context  from  which  USACDCEC 
SAWS  conclusions  were  evolved. 

As  stated  previously,  the  end  results  are  relatively  insensitive  to 
varying  the  weights  of  the  different  situations  and  effectiveness  criteria. 

No  matter  how  much  weight  is  assigned,  the  same  weapon  systems  con¬ 
sistently  come  out  ahead  of  the  others  in  target  effects,  sustainability, 
and  overall  effectiveness. 

Despite  the  numerous  presentations  in  this  volume,  the  data  base  has 
scarcely  been  touched.  The  quantity  and  nature  of  the  SAWS  data  is 
sufficient  to  evoke  and  feed  a  thoughtful  and  fruitful  analytical  endeavor 
for  many  years.  For  example,  the  brief  discussion  describing  the  graphi¬ 
cal  and  histogram  presentations  of  data  (paragraphs  6  and  7  of  this  section) 
provides  the  basis  for  an  entire  anatomy  of  analysis.  Reflective  examina¬ 
tion  of  the  time  histories  of  fire  effects,  ammunition  consumption,  and 
distribution  of  fire  effects  provide  keener  insights  into  the  use  of  small 
arms.  There  are  numerous  ways  in  which  the  data  can  be  synthesized  or 
combined  to  provide  further  insight  into  weapon  choice,  organization, 
and  doctrine. 
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SECTION  IV 


TRAINING  RESULTS 


The  primary  measures  of  training  performance  were  firing  scores  on 
the  various  ranges.  Firing  scores  were  taken  at  fixed  points  in  the  train* 
ing  program.  At  each  of  the  times  firing  scores  were  taken,  each  weapon 
system  group  had  the  same  amount  of  training  of  the  same  kind  under 
comparable  conditions. 

Thus,  the  scores  obtained  reflect,  in  part,  any  weapon  system  differ¬ 
ences  that  might  have  existed  when  the  measures  were  taken.  However, 
these  scores  were  also  affected  by  such  factors  as  weather,  time  of  day, 
visibility,  and  motivation,  all  of  which  often  differed  from  day  to  day.  Their 
exact  quantitative  influence  is  often  not  assessable  In  precise  measurable 
terms,  and  they  must  be  often  accepted  as  sources  of  uncontrolled  variation. 
\\'here  there  were  differences  in  group  scores,  the  differences  may  have 
resulted  from  differences  in  ease  or  effectiveness  of  training,  or  from  some 
other  weapon  system  characteristics  that  are  not  affected  by  training,  or 
from  uncontrolled  factors  of  the  type  mentioned  above.  The  fact  that  the 
scores  may  have  reflected  more  than  one  factor  does  not  invalidate  the  re¬ 
sults  of  the  training  assessment,  but  it  makes  for  a  less  precise  Interpre- 
tatioi.  of  results  than  would  otherwise  be  the  case.  The  interpretation  of 
results  also  depends  on  the  assumption  that  the  selection  process  produced 
weapon  system  groups  that  were  comparable  in  learning  ability  and  train- 
ability  in  small  arms  firing.  There  were  no  known  sources  of  selection 
bias. 

A.  RIFLE 

1.  Disassembly  and  Assembly 

Four  tests  were  carried  out  to  determine  the  ability  to  disassemble 
and  assemble  the  different  weapons.  For  each  test,  the  men  were  required 
to  disassemble  the  rifle,  and  their  performances  were  timed.  Times  re¬ 
quired  for  all  men  to  disassemble  their  weapons  on  the  first  trial  of  each 
test  were  averaged  for  each  weapon  system  group.  Assembly  testa  were 
carried  out  in  the  same  manner.  The  first  trial  of  each  of  the  four  tests 
was  timed  and  weapon  system  group  averages  were  computed.  The  average 
times  for  each  test  are  presented  in  Table  4-1.  When  a  man  had  difficulty 
in  disassembling  or  assembling  a  part  or  parts  of  the  weapon,  he  received 
assistance  from  the  instructor.  These  periods  of  assistance  are  reflected 
in  longer  disassembly  and  assembly  times.  It  is  notable  that  as  the  men 
equipped  with  die  Stoner  and  M16E1  became  more  familiar  with  their 
weapons  they  required  less  assistance,  and  their  times  rapidly  decreased 
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Table  4-1 


RIFLE 

DISASSEMBLY  AND  ASSEMBLY  TEST 
(Average  Times) 


Average 

Average 

Weapon 

Test 

Disassembly 

Time 

Assembly 

Time 

(Seconds) 

(Seconds) 

47 

75 

M14  (1) 

31 

54 

23 

53 

20 

51 

■■ 

119 

207 

M16E1 

72 

50 

124 

99 

30 

50 

■■ 

116 

172 

Stoner  Rifle 

79 

69 

115 

99 

27 

50 

■ni 

42 

69 

M14  (2) 

29 

26 

52 

52 

23 

49 

47 

74 

M14E2 

H 

38 

29 

60 

57 

■■ 

24 

56 

■■ 

27 

50 

AK47  (1) 

22 

12 

33 

25 

10 

24 

■■ 

36 

63 

AK47  (2) 

24 

16 

37 

30 

15 

28 

0 


to  i4)proxlmate  that  of  the  M14  group  (^v•hich  had  received  training  in  their 
weapon  before  the  training  experiment).  On  the  first  test,  the  differences 
in  performance  times  for  the  various  weapons  were  quite  marked:  the 
AK47  times  were  shortest,  followed  by  the  M14  and  M14E2,  the  Stoner  rifle, 
and  the  M16E1.  On  each  succeeding  test,  the  differences  were  reduced, 
and  by  the  fourth  test  they  were  small.  These  trends  are  presented  graphi¬ 
cally  In  Figures  4-1  and  4-2.  The  fourth  test  did  not  Include  removal  of  . 

the  Stoner  forestock  assembly  or  the  Colt  handguard  assembly.  Therefore, 
the  times  for  the  fourth  Stoner  and  Colt  test  are  not  comparable  to  the  re-  j 

suits  obtained  on  the  earlier  Stoner  and  Colt  rifle  tests  or  the  other  weapons  i 

tests.  * 

i 

The  least  difficult  weapon  to  disassemble  and  assemble  proved  to  be  I 

the  AK47.  Subjects  also  were  able  to  disassemble  or  assemble  this  weapon  I 

more  quickly  than  any  other.  i 

Althou^  tight  fitting  parts  caused  initfal  difficulty  with  some  US  weapons, 
this  situation  was  later  corrected.  It  is  concluded  that  there  are  no  tacti¬ 
cally  significant  differences  among  US  weapons  regarding  ease  of  disassembly  | 

or  assembly,  or  the  times  required  for  disassembly  or  assembly  after  ( 

equivalent  training.  j 

I 

2,  Tralnflre  Record  Range  j 

Two  ranges  were  used  in  these  firings.  All  groups  fired  the  re-  | 

cord  ranges  twice.  On  the  second  record  firing,  half  of  each  weapons  ; 

group  fired  on  each  of  the  two  Fort  Ord  Record  Ranges  (Range  18  and  19)  < 

to  balance  out  range  differences.  Each  man  fired  about  96  rounds  on  the  | 

record  range.  Individual  hit  tabulations  were  made,  and  the  scores  were  1 

based  on  the  average  number  of  hits  achieved  by  each  weapon  system  group.  | 

The  average  scores  for  each  group,  and  for  each  firing  on  each  range  are  j 

presented  in  Table  4-2.  The  scores  range  from  44.00  for  an  AK47  group  | 

on  their  second  firing  (Range  19)  to  57. 71  for  an  M14E2  group  on  their 
second  firing  (Range  IS).  It  should  be  noted  that  all  record  firings  were 
made  in  semiautomatic  fire. 

Only  four  groups  of  firings  by  different  weapons  are  directly  compar¬ 
able.  M14  Groups  K  and  L  are  comparable  to  Colt  Groups  M  and  N.  For 
all  other  record  firings,  condition  of  camouflage  on  the  ranges,  weather, 
time  of  day  and  other  factors  were  different.  Because  of  time  and  range  I 

limitations  a  balancing  of  record  firings  was  not  possible.  However,  it  | 

was  clearly  determined  that  record  scores  secured  by  firers  were  more  i 

a  function  of  the  particular  range  used  and  the  time  of  day  than  of  differ-  i 

ences  in  either  firing  ability  or  weapons.  For  example,  firers  who  fired 
on  Range  18  in  the  afternoon  always  did  extremely  well  and  achieved  a 
relatively  large  number  of  expert  qualifications,  regardless  of  the  person-  | 

nel  or  weapon  used.  In  contrast,  firers  who  fired  on  Range  19  in  die  early  ' 
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Figure  4-2 

ASSEMBLY  TIME  OF  RIFLES 


Table  4-2 

RIFLE  RECORD  FIRE  QUALIFICATION  SCORES 


M14  (128)  19  A  127  45.381  8.99  1 28  Aug 


M16E1  (128)  18  B  127  52. 66  8. 71  28  Aug 


Stoner  (184) 


M14  (56) 


M14E2  (72) 


AK47  (21) 


AK47  (35) 


D 

I 


N 

Avg 

127 

45.36 

127 

52.66 

84 

44.45 

86 

54.20 

26 

48.58 

27 

50.11 

36 

52.50 

36 

54.25 

21 

47.38 

39 

46.67 

Range  GP 


Because  of  dlQerent  range  concUUons,  weather,  and  other  factors,  these  scores  are 
not  ccmparable  except  as  discussed  in  the  text. 

CODE:  GP  Group  Designation 

N  Number  of  Personnel  in  Group 
AV  Average  Record  Score 
9  Standard  Deviation 


morning  did  poorly  and  were  seldom  able  to  qualify  as  experts,  regardless 
of  their  marksmanship  ability  or  the  weapon  used. 

After  the  two  groups  had  received  equivalent  traiidng,  the  M14  com¬ 
bined  group  average  score  (K  and  L)  was  49.4,  and  the  group  average 
score  for  the  Colt  rifles  (M  and  N)  was  55. 71.  A  level  of  significance  of 
.  001  is  attached  to  this  difference.  The  fact  that  these  Colt  rifle  scores 
were  higher  than  the  M14  scores  is  particularly  significant  when  it  is 
considered  that,  in  addition  to  the  SAWS  training,  the  M14  firers  had  all 
previously  qualified  with  the  M14  and  most  of  them  had  been  using  an  M14 
for  more  than  two  years,  where  the  Colt  firers  first  fired  the  M16E1  during 
the  training  period  immediately  preceding  the  record  firings. 

As  in  the  experiment  itself,  the  AK47  scores  were  low  compared  to 
scores  of  other  weapons.  This  is  attributed  to  the  AK47' s  short  barrel 
(short  distance  between  sights)  on  the  weapons,  to  varying  lots  and  charac¬ 
teristics  of  ammunition,  to  low  visibility  (fog)  conditions  on  the  ranges 
during  the  last  firing,  to  the  relatively  excessive  amount  of  barrel  wear 
of  the  weapons,  and  to  the  fact  that  the  13  experimental  weapons  (through 
24  Decem^r  1965)  were  shared  by  all  AK47  firers,  which  necessitated 
continuous  zeroing  adjustments.  Because  both  front  and  rear  sights  are 
adjustable  this  weapon  sharing  problem  may  have  had  more  significance 
for  the  AK47  than  it  would  have  had  for  other  weapons. 

3.  25  Meter  Rifle  in  Automatic  Mode 


Each  man  fired  20  rounds  in  each  of  three  positions— hip,  under¬ 
arm,  and  standing.  The  average  number  of  hits  for  each  weapon  group 
in  each  position  is  given  in  Table  4-3.  Two  groups  of  M14  firers  and  two 
groups  of  AK47  firers  fired  at  different  times,  and  their  scores  are  tabu¬ 
lated  separately.  Scores  varied  greatly,  and  the  large  difference  between 
scores  for  different  groups  assigned  to  the  same  weapon  type  is  unexplain¬ 
able.  For  example,  one  AK47  group  finished  first  in  two  of  three  positions, 
but  the  other  AK47  group  finished  last  in  the  same  two  positions. 

4.  200  Meter  Rifle  in  the  Automatic  Mode 


Two  exercises  were  repeated  three  times  for  this  test;  in  the 
first,  20  rounds  were  fired  at  point  targets  in  40  seconds;  in  the  second, 
30  rounds  were  fired  at  point  targets  in  50  seconds.  All  firings  were  in 
the  prone  position,  but  the  M14E2,  M16E1,  and  Stoner  rifle  used  their 
integral  bipods,  and  the  M14  and  AK47  fir^  without  bipod.  Averages  for 
each  weapon  group  in  each  exercise  are  given  in  Table  4-4. 
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Table  4-3 


AVERAGE  NUMBER  OF  HITS  BY  RIFLE  IN  AUTOMATIC  MODE 

(2S-nieter  Range) 


Firing  Position 

Hip 

Undtirarm 

Standing 

N 

Rank 

Order 

Score 

Rank 

Order 

Score 

Rank 

Order 

Score 

M14  (sample) 

6 

2.21 

3 

9.81 

124 

M14  (sample) 

4 

3.46 

6 

9.56 

54 

Stoner  rifle 

2 

4.34 

4.11 

1 

10.60 

160 

M16E1 

5 

2.73 

3. 32 

2 

10.52 

126 

M14E2 

3 

4.12 

6 

2.41 

■■ 

7.60 

68 

AK47  (sample) 

mm 

S.9S 

mm 

4.24 

H 

9.71 

21 

AK47  (sample) 

D 

2.16 

Hi 

2. 32 

5 

9.61 

38 

Table  4-4 

AVERAGE  NUMBER  OF  HITS  BY  RIFLE  IN  AUTOMATIC  MODE 

(200-meter  Range) 


Weapon 

Exercise  1* 

Exercise  2  * 

N 

1 

2 

3 

1 

2 

3 

M14 

(sample  1)  * 

4.32 

3.66 

3.68 

4.28 

4.53 

4.49 

123 

M14 

(sample  2)  * 

4.02 

3.43 

3.  22 

4.24 

4.80 

4.76 

51 

Stoner  rifle  ^ 

6.34 

6.60 

6.51 

8.53 

9.05 

7.71 

166 

M16E1  ® 

7.28 

7.47 

7.43 

9.61 

9.17 

9.22 

126 

M14E2  ^ 

7.30 

8.72 

9.00 

9.71 

10.61 

10.77 

69 

AK47 

(sample  1)  * 

2.67 

2.48 

4.33 

2.  95 

4.38 

3.95 

21 

AK47 

(sample  2)  ® 

2.67 

3.  26 

3. 92 

4.36 

5.05 

5.46 

39 

*  Two  exercises  were  each  run  three  times.  Exercise  1:  20  rounds, 
40  seconds.  Exerci.se  2:  30  rounds.  50  seconds. 

*  No  bipod 
^  Bipod- supported 
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B.  AUTOMATIC  RIFLE 

1.  Disassembly  and  Assembly 

Four  separate  tests  were  conducted  exactly  like  the  rifle  tests. 

The  times  required  to  complete  each  test  successfully  are  given  in  Table 
4-5.  Trends  are  similar  to  trends  for  the  rifle;  that  is,  differences  In 
time  were  relatively  large  on  the  first  test,  but  they  narrowed  on  each  suc¬ 
ceeding  test  until  they  were  quite  small  by  the  fourth  (Figures  4-3  and  4-4). 
The  Stoner  weapons  showed  the  longest  times  and  the  M14E2  showed  the 
shortest.  On  Test  4,  the  Stoner  task  was  performed  only  up  to  the  carrier 
cap  assembly,  which  accounts  in  part  for  the  shorter  Stoner  times. 

2.  Interim  Transition  Record 

For  this  test,  each  weapon  was  fired  in  each  of  three  lanes:  in 
Lane  1  (foxhole  position),  24  rounds  were  fired  in  28  seconds;  in  Lane  2 
(prone  position),  36  rounds  were  fired  in  36  seconds;  in  Lane  3  (prone), 

14  rounds  were  fired  in  28  seconds.  Scores  were  tabulated  separately  for 
both  hits  and  targets  hit.  The  averages  for  each  weapon  group  are  given 
in  Table  4-0. 

3.  25-meter  Automatic  Rifle 


In  this  test,  each  man  fired  20  rounds  in  each  of  two  positions 
(underarm  unsupported  and  hipsling  supported).  The  averages  for  each 
weapon  are  given  in  Table  4-7. 

C.  MACHINEGUN 

1.  Assembly  and  Disassembly 

The  four  tests  used  for  the  rifle  and  automatic  rifle,  were  re¬ 
peated  for  the  machinegun.  The  times  and  numbers  completing  the  first 
trial  on  each  of  the  four  tests  are  given  in  Table  4-8.  The  Stoner  times 
were  generally  the  longest  for  both  assembly  and  disassembly,  and  die 
RPD  times  were  the  shortest.  Also  as  before,  the  time  differences  on 
the  first  test  were  relatively  large,  but  they  were  reduced  as  testing  pro¬ 
gressed.  Figures  4-5  and  4- 6  indicate  the  trends. 

2.  Record  Firing,  Tables  11,  m.  and  IV 

For  this  test,  each  man  fired  104  rounds  on  each  table  (course). 
The  average  number  of  hits  for  each  of  the  weapon  groups  is  given  in 
Table  4-9.  These  results  are  not  comparable  because  firing  conditions 
for  the  various  groups  differed.  The  RPD  and  DPM  were  fired  with  bipods, 
and  the  others  with  tripods.  The  second  M60  machinegun  group  and  the 
second  Stoner  machinegun  group  consisted  of  retrained  riflemen.  This 
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Table  4-5 

AUTOMATIC  RIFLE 
DISASSEMBLY  AND  ASSEMBLY  TESTS 


Average 

Average 

Weapon 

Test 

Disassembly 

Time 

Assembly 

Time 

(Seconds) 

(Seconds) 

■■ 

42 

59 

M14E2 

29 

27 

55 

58 

26 

50 

mm 

59 

108 

Colt  AR 

39 

36 

72 

56 

34 

61 

1 

151 

207 

Stoner 

2 

117 

178 

AR 

3 

103 

154 

4 

53 

104 

Stoner 

1 

162 

263 

Bipod  MG 
(AR  role) 

2 

3 

4 

124 

69 

56 

185 

164 

109 

1 

43 

124 

RPD 

2 

33 

90 

(AR  role) 

3 

28 

75 

4 

31 

78 

1 

62 

90 

M60  MG 

2 

52 

96 

(AR  role) 

3 

43 

75 

4 

41 

75 

1 

52 

118 

RPD 

2 

42 

70 

(AR  role) 

3 

29 

71 

4 

25 

72 
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Figure  4-3 

DISASSEMBLY  TIME  OF  AUTOMATIC  RIFLES 
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Seconds 
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Table  4-6 

AUTOMATIC  RIFLE 
INTERIM  TRANSITION  RECORD 


Weapon 

Average 

Hits 

Average 

Targets 

Hit 

N 

Colt  AR 

30.69 

16 

M60  (AR  role) 

26.87 

16 

Stoner  Bipod  MG 
(AR  role) 

26.44 

10.75 

16 

M14E2 

25.53 

10.46 

13 

RPD  (AR  role) 

23.17 

10.10 

6 

RPD  (AR  role) 

22. 00 

10.00 

10 

Stoner  AR 

21.94 

9.94 

16 

Table  4-7 

AUTOMATIC  RIFLE  AVERAGE  HITS 
UNDERARM  (UNSUPPORTED)  AND  HIPSLING  POSITIONS 
(25-meter  Range) 


Weapon 

Firing  Positions 

N 

Underarm 

Hipsling 

Colt  AR 

2.88 

1.94 

16 

M60  (AR  role) 

3.38 

4.44 

16 

Stoner  bipod  MG 
(AR  role) 

3.75 

3.75 

16 

M14E2 

1.56 

1.50 

16 

RPD  (AR  role) 

2.50 

3.83 

6 

RPD  (AR  role) 

2.90 

2.70 

10 

Stoner  AR 

4.21 

3.71 

14 

4-13 


Table  4-8 


MACHINEGUN 

DISASSEMBLY  AND  ASSEMBLY  TESTS 


Weapon 


Test 


Average 

Disassembly 

Time 


Average 

Assembly 

Time 


Stoner  MG  (bipod) 


Stoner  MG  (tripod) 


1 

2 

3 

£ 

1 

2 

3 

4 


(seconds) 


(seconds) 


167 

138 

103 

109 


230 

168 

126 

148 


168 

90 

100 

69 


246 

131 

134 

127 


M60  MG  (bipod) 


1 

2 

3 

4 


89 

53 

46 

50 


115 

85 

71 

75 


M60  MG  (tripod) 


1 

2 

3 

4 


95 

58 

49 

49 


131 

85 

73 

73 


Stoner  MG  (bipod) 
Retrained  Riflemen 


1 

2 

3 

4 


113 

89 

78 

75 


195 

174 

159 

139 


Stoner  MG  (tripod) 
Retrained  Riflemen 


1 

2 

3 

4 


99 

84 

70 

65 


M60  MG  (bipod) 
Retrained  Riflemen 


1 

2 

3 

4 


67 

70 

54 

55 


MOO  MG  (tripod) 
Retrained  Riflemen 


1 

2 

3 

4 


78 

77 

54 

56 


RPD 


1 

2 

3 

4 


34 

35 
28 
25 


DPM 


1 

2 

3 

4 


68 

53 

42 

32 


159 

133 

127 
137 

116 

107 

84 

85 
106 
103 

84 

82 

53 

54 
53 
39 

128 
89 
87 
61 
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Figure  4-5 

DISASSEMBLY  TIME  OF  MACHINE  GUNS 
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50 
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Figure  4-6 

ASSEMBLY  TIME  OF  MAC  MINE  GUNS 
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Table  4-9 


MACraNEGUN  TABLES  D.  HI.  IV 
AVERAGE  NUMBER  OF  HITS 


Weapon 

Table  II 

— 

Table  IH 

Table  IV 

N 

Stoner  MG  tripod 

64.53 

64.64 

68.29 

n  m 

IV 

32  35 

33 

RPD  bipod 

62.13 

68.87 

72.40 

15 

M60  MG  tripod 

66.77 

70.46 

74.20 

35 

DPM  bipod 

57.50 

57.25 

63.13 

8 

M60  tripod 

Retrained  Riflemen 

67.33 

69.  29 

75.02 

48 

Stoner  MG  tripod  (butt  stock) 
Retrained  Riflemen 

72.96 

73.09 

74.38 

47 

may  have  given  them  a  special  advantage.  In  addition,  the  second  Stoner 
machinegun  groiq)  fired  '^th  buttstocks  attached. 

D.  CONTAMINATION  OF  TRAINING  SCORES  BY  WEATHER 

It  was  recognized  before  the  experiment  that  weather  conditions, 
particularly  light  conditions,  would  affect  the  firing  scores.  It  was  deter¬ 
mined  from  exploratory  firing  runs  with  all  weapons  before  the  start  of 
training,  that  these  effects  were  particularly  hi^ly  correlated  with  firings 
against  visible  point  targets  where  aimed  fire  was  involved,  with  minimal 
effects  in  those  situations  where  area  fire  was  employed. 

It  was  possible  during  the  experimentation  runs  on  the  three  SAWS 
experimentation  ranges  to  balance  out  the  schedule  of  runs  so  that  the 
same  number  of  squads  from  each  weapon  mix  ran  the  same  number  of 
times  at  each  time  of  day.  However,  during  the  training  phase  due  to  con¬ 
straints  of  time,  the  limited  number  of  range  personnel,  and  limited  access 
to  the  Fort  Ord  Training  Center  ranges,  it  was  not  possible,  except  in 
rare  instances,  to  balance  out  weather  and  time  of  day  effects.  Consequently, 
although  training  was  standardized  and  althou^  each  group  received  equiva¬ 
lent  amounts  of  training,  the  record  firings  on  the  record  ranges  are  often 
not  comparable. 
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The  effects  of  time  of  day  and  position  of  the  sun  are  illustrated  In 
Figure  4-7  below.  This  figure  shows  the  record  firing  scores  of  11  con¬ 
secutive  firing  orders  of  M14  riflemen,  the  first  order  having  fired  at 
0800  in  the  morning  and  the  last  order  at  1615  in  the  afternoon.  The  day 
was  clear  and  sunny.  At  0800  hours,  however,  for  Order  No.  1,  the  sun 
was  in  front  of  the  firers,  shining  behind  the  targets  and  into  the  firers' 
eyes.  On  the  1230  hour  run,  however,  the  sun  was  behind  the  firers. 
Furthermore,  the  sun  now  shone  on  the  front  of  the  targets,  and  in  many 
instances  the  targets  reflected  the  sun  like  a  mirror.  The  difference  be¬ 
tween  the  average  scores  for  mixes  firing  at  different  times  of  day  was 
sometimes  greater  than  the  difference  between  the  best  and  worst  men 
within  each  group.  Thus,  the  difference  between  the  average  score  of 
Order  No.  1  (37. 6)  and  Order  No.  10  (50. 8)  may  not  be  attributed  to  any 
difference  in  marksmanship  ability,  but  instead  must  be  attributed  to  dif¬ 
ferences  in  visual  target  acquisition  resulting  from  the  position  of  the  sun. 

In  contrast  to  Range  19,  the  effects  of  visibility  on  Range  18  are 
illustrated  in  Figure  4-8  below.  At  0800  hours  it  was  too  foggy  to  see 
the  targets.  By  0930  hours,  it  had  cleared  enough  for  range  personnel 
to  see  the  targets  and  firing  was  started,  but  thin  fog  and  haze  were  still 
present.  The  day  steadily  cleared  until  for  the  fourth  AK47  order  at  1155 
hours,  all  haze  had  disappeared,  and  the  day  was  clear  and  sunny  with  un¬ 
limited  visibility. 

Following  the  completion  of  basic  marksmanship  training,  rifle  and 
machinegun  squads  were  given  separate  transition  training  as  explained  in 
Section  II,  paragraph  4B2.  The  ranges  on  which  this  training  occurred  are 
presented  as  follows  in  diagrammatic  form.  Figures  4-9  through  4-15. 
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RIFLE  SQUAD  TECHNIQUE  OF  FIRE  RANGE  (Linear  Targets) 
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Figure  4-10 

RIFLE  SQUAD  TECHNIQUE  OF  FIRE  RANGE  (Oblique  Targets) 


4-21 


4-22 


20  m  Line 


_ Start 

Tower  Q  [i]0SlSilg!l3iSISl 

I  ^ _  Range  Width _ _ J 


Figure  4-12 

RIFLE  SQUAD  IN  ASSAULT  RANGE 
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Figure  4-13 

SQUAD  IN  DEFENSE  RANGE  (Rifle  or  Machinegun) 
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Figure  4-14 

MACHINEGUN  SUPPORT  OF  ATTACK  RANGE 
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SKCTION'  V 


MATERIKL  RELIABILITY  RESULTS 


Reliability  results  are  based  on  data  recorded  during  training,  explor¬ 
atory,  and  field  experimentation  firing  (Table  5-1),  on  Investigations  made 
to  isolate  major  causes  of  malfunctions  affecting  the  experiment,  and  on 
observations  by  technical  personnel  supervising  weapons. 

Included  are  indications  of  the  purpose  of  reliability  data,  types  of 
data,  methods  of  collection,  and  results,  including  the  major  causes  of 
malfunctions  in  certain  weapons  and  the  effects  of  materiel  reliability  on 
other  results  of  the  experiment. 

A.  PURPOSE  OF  RELIABILITY  DATA 

Reliability  data  were  collected  and  observations  were  made  for  the 
following  reasons; 

1)  To  meet  requirements  of  the  USACDC  directive  which 
specified  that  reliability  data  be  collected 

2)  To  provide  information  and  data  that  would  assist  In 
interpreting  fire  effectiveness  data  obtained  in  the  ex¬ 
periment;  for  example,  to  obtain  an  indication  of  the 
effects  of  weapon  stoppages  occurring  during  the  ex¬ 
periment  on  the  level  of  target  effects  achieved  by 
different  squad  weapon  mixes 

3)  To  assist  in  making  judgments  within  the  SAWS  pro¬ 
gram,  regarding  the  relative  reliability  of  experimen¬ 
tation  weapons  as  to  whether  there  are  any  fundamental 
design  reasons  that  might  cause  one  w’eapon  to  be  lets 
reliable  than  another* 

*  The  weapons  should  not  be  directly  compared  on  the  basis  of  current 
reliability  performance,  because  they  represent  different  stages  of  de¬ 
velopment  and  of  production  experience.  For  example,  the  AK47  has 
been  standardized  for  18  years  and  probably  more  than  15  million  have 
been  produced.  The  M14  has  been  standardized  for  eight  years  and  about 
1,400,  000  have  been  produced.  The  M16E1  and  M16  have  been  standard¬ 
ized  about  two  years  and  about  173,000  l;ave  been  produced  for  US  military 
forces.  This  figure  does  not  include  production  for  foreign  or  commercial 
customers.  The  Colt  automatic  rifle  is  a  developmental  weapon,  although 
an  adaptation  of  the  M16E1;  and  the  Stoner  weapons  arc  test  prototypes. 
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4)  To  provide  detailed  reliability  data  for  development,  procurement, 
and  logi.stic  agencies  for  such  use  as  they  may  have. 

3.  DATA  COLLECTED  AND  OBSERVATIONS 

Detailed  reliability  data  were  collected  throughout  the  SAWS  experi¬ 
ment— in  the  training  phase,  during  exploratory  firing,  and  in  field  experi¬ 
mentation.  These  data  related  to  malfunctions,  time  out  of  action  because 
of  stoppages,  and  replacements  of  parts  and  accessories.  They  were  re¬ 
corded  to  relate  weapon,  firer,  ammunition  lot,  weapon  zero,  rounds  fired, 
trial  and  trial  conditions,  and  date.  Functioning  of  the  weapons  and  ammuni 
tlon  was  also  closely  observed  by  supervisory  personnel.  An  attempt  was 
made  throughout  the  experiment  to  Isolate  major  causes  of  materiel  mal¬ 
functions.  An  AMC  technical  representative  was  attached  to  USACDCEC 
throughout. 

Technical  weapon  officers  and  trained  armorer  artificers  supervised 
the  security,  safety,  maintenance,  issue,  and  troop  cleaning  of  weapons, 
as  well  as  the  storage,  inspection,  loading  of  magazines  and  belts,  and 
issue  of  ammunition.  Weapons  were  inspected  at  the  time  of  issue  to 
squads  from  the  storage  vans,  at  the  range  before  the  firing  run,  immedi¬ 
ately  after  the  run,  after  cleaning,  and  before  they  were  stored  again  in  the 
van.  Two  armorer  artificers  collected  reliability  data  during  each  squad 
firing  run  and  debriefed  each  squad  immediately  after  the  run  for  additional 
Information  on  malfunctions. 

The  candidate  weapons,  ammunition,  and  spare  parts  for  tlie  experi¬ 
ment  were  selected  and  provided  by  AMC.  The  weapons,  except  for  the 
Soviet-types,  were  in  new  condition  when  received  by  USACDCEC.  The 
ammunition  lots  provided  for  the  candidate  weapons  were  selected  by  AMC 
as  typical  of  ammunition  in  stock.  The  Soviet-type  weapons  were  not  new, 
were  manufactured  in  several  countries,  did  not  have  spare  parts  (other 
than  by  cannibalization),  and  used  a  variety  of  ammunition  of  varying 
condition  and  serviceability. 

Data  were  taken  during  the  experiment  on  bench  rest  accuracy  of  a 
sample  of  each  weapon-ammunition  combination.  A  summary  of  Aese 
data  is  given  in  Annex  C. 

C.  RELIABILITY  RESULTS  AND  FINDINGS 

Summary  data  on  malfunctions  and  stoppages  are  shown  in  Table  5-1, 
by  weapon  family,  weapon,  and  experiment  phase.  Further  summary  of 
these  data,  showing  malfunctions  per  thousand  rounds  fired  for  each  type 
weapon  for  the  entire  experiment  and  for  the  field  experimentation  only, 
is  presented  in  Table  5-2. 
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Table  5-2 

MALFUNCTION  llATES 


Weapons  * 

Number 

of 

Weapons 

Used 

Malfunctions  per 
1000  Rounds  Fired 

Average  Number  of  Rounds 
Fired  per  W'eapon 

Total 
Experi¬ 
ment  * 

Field  Ex¬ 
perimen¬ 
tation 
Phase 

Total 

Experiment^ 

Field  Ex¬ 
perimen¬ 
tation 
Phase 

Rifles 

M 

M14 

120 

1.41 

3,085 

968 

M16E1 

120 

WSm 

9.32 

5,000 

2,213 

Stoner  Rifle 

120 

1,90 

3.03 

5,127 

1,257 

AK47“ 

26 

0. 75 

2.03 

7,724 

2,119 

Automatic  Rifles 

M14E2* 

64 

0,47 

0.55 

2,644 

1,243 

Colt  AR 

16 

4,99 

4.30 

8,827 

6,549 

Stoner  AR 

16 

2.16 

3.30 

3,471 

1,250 

Machineguns 

M60  MG 

40 

0.46 

1.09 

9,208 

2,385 

Stoner  MG 

40 

10.58 

16.52 

7,390 

2,042 

RPD 

1.23 

3.74 

11,614 

3,169 

DPM 

13.76 

20.10 

9,569 

4,014 

*  All  weapons  provided  for  the  experiment  were  new,  except  the  Soviet  ;  ! 

weapons  I  ; 

i 

“  Training  phase,  exploratory  firing,  and  field  experimentation  1 

I  j 

^  The  average  namber  of  rounds  fired  per  weapon  during  the  training,  i 

exploratory  firing,  and  field  experimentation  phases  |  | 

“  The  majority  of  the  AK47  malfunctions  occurred  after  5000  rounds  t  | 

had  been  fired  during  the  experiment.  Thirteen  weapons  averaged  | 

more  than  10,000  rounds  apiece.  In  addition  an  unknown  number  of  i  ' 

rounds  had  been  fired  from  the  weapons  before  they  were  forwarded  * 

to  USACDCEC.  However,  the  AK47  had  significantly  fewer  malfunc¬ 
tions  per  weapon  than  any  other  weapon  at  the  time  it  had  fired  a  i 

comparable  number  of  rounds  during  the  experiment. 

^  Includes  use  as  a  rifle  ! 
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Comparative  data  on  parts  attrition  are  shown  in  Tables  C-8  through 
C*21,  Annex  C. 

The  following  findings  are  drawn  from  the  results  presented  in  Tables 
5-i,  5-2,  and  Annex  C,  with  respect  to  the  level  of  reliability  demonstrated 
in  the  experiment  by  candidate  and  Soviet  weapon-ammunition  combina¬ 
tions: 

1)  The  AK47  was  more  reliable  than  any  of  the  other  experi¬ 
mentation  weapons* 

2)  The  M14,  M14E2,  and  M60  were  more  reliable  than  the 
Stoner  and  Colt  Weapons 

3)  The  Stoner  machinegun  and  M16E1  showed  the  lowest 
reliability  of  the  candidate  weapons 

4)  The  Stoner  machlnegim  was  least  reliable  of  the  candi¬ 
date  weapons,  the  remaining  Stoner  weapons  ranked  after 
the  US  7. 62mm  weapons  but  ahead  of  Colt  weapons  In 
reliability 

Causes  of  the  principal  malfunctions  In  the  weapons  are  discussed  in 
the  following  paragraphs. 

•  The  AK47  averaged  0. 75  malfunctions  per  1000  rounds  fired  throughout 
the  entire  experiment,  based  on  26  weapons  used  after  January  1966. 
However,  the  majority  of  firing  with  the  AK47  was  done  prior  to  24 
December  1965  with  13  weapons  which  averaged  only  .  30  malfunctions 
per  1000  rounds  while  averaging  8007  rounds  fired  per  weapon  at  that 
time.  The  AK47s  were  not  new,  had  been  manufactured  In  three  dif¬ 
ferent  countries  (the  Soviet  Union,  East  Germany  and  Red  China)  and 
had  unknown  prior  combat  and  training  usage.  In  addition,  there  were 
insufficient  spare  parts  (of  the  29  available  weapons  three  were  used  for 
spare  parts).  This  lack  of  weapons  and  spare  parts  required  an  extensive 
sharing  of  the  AK47s  which  had  an  overall  average  rounds  fired  of  7724 
rounds  during  the  entire  experiment  compared  to  only  3085  rounds  for 
the  M14.  However,  the  average  for  the  original  13  AK47s  was  10, 926 
rounds  per  weapon.  Although  the  M14  malfunction  rate  was  0. 63  (0. 12 
malfunctions  per  1000  less  than  the  AK47),  many  of  the  M148  had  parts 
replaced  with  new  parts  whereas  the  AK47s  were  forced  to  use  worn  and 
theoretically  unserviceable  parts.  However,  all  parts  replaced  (with 
used  parts  from  other  weapons)  were  in  the  original  13  AK47s,  and  in 
only  one  case  was  a  part  replaced  under  7500  rounds.  Because  the  ma¬ 
jority  of  AK47  malfunctions  occurred  after  5, 000  rounds  had  been  fired 
and  because  the  weapons  had  fewer  malfunctions  per  1, 000  rounds  when 
compared  with  the  M14  at  the  same  number  of  rounds  fired,  it  is  con- 
,  eluded  that  the  AK47  is  a  significantly  more  reliable  weapon  than  any  of 
the  US  7.62mm  or  5.56mm  weapons. 
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1.  ^^ajor  (’au‘^('.s  of  ^Talflln^^ti(^ns  in  t’S  7.  >>2mm  Wrapoiis 


Thrro  wrrc’  frw  malfunclion.s  In  the  I'S  7.  fi2mm  weapons.  The  74 
failures  to  feed  (Table  5-1,  line  1,  Column  C)  in  t/ie  M14  rifle  were  attri¬ 
buted  to  dirty  magazines  and  Uu*  magazine  follower  slicking  (through  dis¬ 
tortion  of  the  magazine  spring).  The  fifi  failures  to  fire  were  the  result  of 
light  firing  pin  indentations  In  the  primer  that  were  considered  to  be  the 
result  of  weapons  not  being  completely  in  battery  on  activation  of  the  trigger. 

2.  Major  Causes  of  Malfunctions  in  5,  5fimm  Weapons* 

Major  causes  of  most  malfunctions  in  the  5.56mm  weapons  arc 
attributed  to  an  interaction  of  ammunition  (and  belt  link)  deficiencies: 

1)  Weapon  fouling,  judged  to  be  caused  primarily  by 
qualities  of  the  propellant  used  in  standard  ball 

5.  56mm  cartridge 

2)  Cj’cling  of  weapons  in  excess  of  design  rates,  judged 
to  be  caused  by  combinations  of**: 

a)  Pressure  characteristics  of  the  propellant  used 
In  the  standard  ball  5.  56mm  cartridge 

b)  Factory  calibration  of  M16E1  rifles  for  a  pro¬ 
pellant  with  different  pressure  characteristics 
than  that  in  the  standard  ball  5.56mm  cartridge 

c)  Mismatch  in  internal  ballistic  (pressure)  charac¬ 
teristics  between  the  standard  5.  56mm  ball  and 
tracer  cartridges 

3)  Misfires  caused  by  too  low  primer  sensitivity  and 
possibly  (in  the  case  of  the  Stoner  machinegun)  an 
interaction  of  low  primer  sensitivity  with  effects  of 
too  rapid  weapon  cycling  caused  by  the  pressure 
characteristics  of  the  propellant 


*  These  major  causes  do  not  account  for  all  the  malfunctions  experienced 
by  the  5.  56mm  weapons.  For  example,  early  in  the  e.xperiment  the 
Stoner  machinegun  had  malfunctions  caused  by  improperly  fabricated 
feed  trays  that  were  replaced.  Accurate  attribution  of  causes  for  all 
malfunctions  is  difficult  because  some  ammunition  deficiencies  magnified 
incipient  malfunctions. 

**  Cyclic  rates  (upper  limit)  for  the  M16E1  rifle  and  Stoner  machinegun 
are  800  and  850  rounds  per  minute  respectively. 


4)  Incorrectly  mtnufacturcd  machinegun  belt  links 

a.  Fouling 

Fouling  in  the  5. 56mm  weapons  occurred  throughout  the  ex¬ 
periment.  Dirty  chambers  resulting  from  rapid  carbon  buildup  caused 
most  of  the  failures  to  extract  (see  Table  5-1,  line  3,  columns  J  throu^  X) 
and  some  of  the  failures  to  chamber  (line  14).  Fouling  remained  a  problem 
throughout  the  experiment,  although  cleaning  and  Inspection  of  weapons  were 
considered  more  stringent  than  would  be  possible  during  combat. 

Inquiry  to  AMC  determined  that  the  propellant  adopted  for  the  standard 
5. 56mm  ball  cartridge  Is  different  from  the  original  propellant  used  during 
the  development  and  service  testing  of  the  M16E1  rifle  and  daring  the  de¬ 
velopment  of  the  Stoner  weapons.  *  A  USACDCEC  test  of  samples  from  the 
lot  of  standard  ammunition  used  In  the  experiment  showed  more  fouling  than 
an  AMC  provided  sample  containing  the  original  propellant.  This  supplemen¬ 
tal  fouling  test  was  conducted  using  ammunition  lots  WCC  6098  and  RA  5074. 
This  limited  test  firing  of  12,820  rounds  indicated  a  malfunctions  rate  of 
5. 6  per  1000  rounds  for  the  cartridge  loaded  with  ball  propellant  as  opposed 
to  0.  91  for  IMR  propellant  loaded  cartridges.  Results  of  this  fouling  test 
are  tabulated  in  Annex  C. 

b.  Excessive  Cyclic  Rate 

Excessive  cyclic  rates  were  noted  early  in  the  experiment. 

In  addition,  surging  (uneven  firing)  was  noted  when  ball  and  tracer  were 
fired  together.  There  was  also  an  increasing  incidence  of  malfunctions 
attributed  to  ammunition  cycling  the  weapons  beyond  their  design  rates. 

The  cyclic  rates  were  higher  tlian  the  design  cyclic  rates,  particularly 
with  the  M16E1  rifle  and  Stoner  machlnegun.  **  Surging  also  was  most 
noticeable  with  the  Stoner  machlnegun.  It  is  concluded  that  this  excessive 
cyclic  rate  (through  Induced  cyclic  and  impact  problems***)  caused,  com¬ 
plicated,  and  multiplied  such  malfunctions  as  failures  of  the  bolt  to  remain 
to  the  rear  after  the  last  round  was  fired  from  the  magazine  (see  Table  5-1, 
line  5,  columns  J  through  X),  failures  to  eject  (line  2,  columns  J  through  X), 
and  magazine  feeding  problems  (lines  1,  9,  and  18). 


*  Frankford  Arsenal,  Tenth  Memo  Report  on  AR-15,  Rifle/Ammunltlon 
System  Investigation  of  Alternate  Propellants  for  Use  in  5.56mm 
M193  Ball  Ammunition,  dated  15  May  1964 

**  Cyclic  rate  of  up  to  1000  rounds  per  minute 

***  Impact  forces  increase  with  the  square  of  the  velocity 


A  concurrent  prrpellant  irn  estimation  by  Frankfort]  Arsenal  showed  that 
the  propellant  currently  used  in  the  5.  fjCmm  ball  cartridge  cycles  weapons 
faster  than  the  original  propellant.* 

Inquiry  to  AMC  determined  that,  to  meet  a  Government  acceptance  re¬ 
quirement.  MHiEl  rifles  arc  calibrated  at  the  factory  for  the  gas  port 
pressure  of  the  original  propellant  rather  than  that  of  the  propellant  cur¬ 
rently  used  in  standard  ball  o.SGmm  cartridges.  Interaction  of  the  higher 
gas  port  pressure  of  the  current  propellant  and  the  sizing  of  the  gas  port 
for  a  propellant  with  a  lower  gas  port  pressure  is  considered  the  reason 
for  the  excessive  cyclic  rate  in  the  MlfiEl  rifle. 

Regarding  the  excessive  cyclic  rate  and  surging  o'  the  Stoner  machine- 
gun,  it  was  noted  that  the  5.  uGmm  tracer  and  ball  rounds  contained  different 
propcll.nnts**  and  cycled  the  5.56mm  weapons  at  different  rates:  tracer 
cartridges  cycled  the  weapons  at  a  slower  rate  than  the  ball  cartridges.  It 
is  judged  that  because  of  this  mismatch  the  gas  port  on  the  Stoner  machine- 
gun  had  to  be  sized  for  tlie  slower  cycling  tracer  cartridge  to  ensure  weafx)ns 
functioning.  Since  machinegun  belt  loadings  normally  are  four  ball  and  one 
tracer,  the  presence  of  the  faster  cyclic  ball  cartridges  causes  the  gun  to 
cycle  above  its  design  rate  and  to  surge  as  the  four  faster  and  the  one  slower 
cartridges  alternate  through  the  gun.  This  mismatch  also  affects  the 
functioning  of  the  other  5.  b6mm  weapons  in  automatic  fire,  but  to  a  lesser 
extent  than  the  machinegun,  apparently  because  of  the  sustained  automatic 
fire  and  more  frequent  use  of  tracers  by  the  machinegun. 

c.  Primer  Sensitivity 

It  .vas  reported  in  a  previous  test  of  ihe  Storer  weapons  that 
there  had  been  a  high  incidence  of  misfires,  particularly  in  the  machinegun***. 
These  misfires  were  attributed  by  some  to  an  insufficient  primer  sensitivity 
of  the  5,  56mm  cartridge  and  by  others  to  a  lack  of  sufficient  recoil  power 
in  the  Stoner  machinegun.  However,  if  these  misfires  were  due  to  insuffi¬ 
cient  recoil  power  and  if  the  sensitivity  of  the  cartridge  primer  was  not 
marginal,  then  misfires  with  the  5.56mm  cartridge  would  tend  to  be  limited 
to  the  machinegun.  This  was  not  the  case  in  the  SAWS  e.xperimcnt.  After 

♦  USACDC  Liaison  Office,  USA  Weapons  Command,  Rock  Island,  Illinois, 
Liaison  Report  385-65,  27  December  1965. 

**  Copies  of  Ammunition  Lot  Inspection  sheets  furnished  by  AMC  to 
USACDCEC  to  show  that  the  ball  ammunition  furnished  contains  ball 
propellant  (WC846)  and  that  the  tracer  ammunition  furnished  contains 
IMR  tyqje  propellant  (CR  8136  and  EX  8136). 

***  Stoner  63  Weapon  System  Final  Report,  Project  No.  44-63-08  of  29 
April  1965,  Marine  Corps  Landing  Force  Developmeni  Center-,  MCS, 
Quantico,  Virginia,  page  17. 


it  was  decided  that  the  ammunition  was  causing  the  machinegun  to  misfire 
and  cycle  at  an  abnormal  rate,  it  was  also  decided  that  a  reduction  in  the 
buffer  preload  resulting  from  the  pounding  of  the  buffer  might  reduce  firing 
pin  energy.  It  was  indicated  that  this  in  turn  might  cause  the  rate  of  mis¬ 
fires  to  increase  sharply  after  the  weapons  had  been  fired  in  heavy  sustained 
fire,  especially  if  primer  sensitivity  were  marginal.  Inquiry  to  AMC  dis¬ 
closed  that  there  had  been  a  decrease*  In  primer  sensitivity  at  the  time  of 
standardiiration  of  the  5.56mm  ball  cartridge,  to  overcome  what  was  then 
considered  a  tendency  of  the  round  to  fire  on  closure  of  the  bolt  in  the  M16E1 
(then  AR15)  rifle.  It  was  therefore  desirable  to  examine  the  primer  Inden¬ 
tations  of  misfire  cartridges.  Therefore,  provisions  also  were  made  to 
collect  data  regarding  any  instances  of  primers  being  too  sensitive:  that  is, 
rounds  firing  when  the  bolt  was  closed  ^thout  pulling  the  trigger.  With 
respect  to  these  points,  the  experiment  produced  the  following  information: 

1)  In  1,261,215  rounds  fired  by  the  5.56mm  weapons,  there 
were  no  instances  of  cartridges  firing  when  the  bolt  was 
closed  without  pulling  the  trigger  and  no  cases  where  the 
primer  indentations  of  misfire  cartridges  were  sufficiently 
shallow  to  have  clearly  caused  misfires. 

2)  Misfires  occurred  with  all  five  of  the  5. 56mm  weapons 
(see  Table  5-1,  line  4,  columns  J  through  X),  rather  than 
only  with  the  Stoner  machinegun.  The  four  weapons  other 
than  the  machinegun  incurred  829  misfires  in  1,008,629 
rounds  fired,  or  one  per  1217  rounds. 

3)  Of  the  1132  misfires  experienced  with  the  Stoner  machine- 
gun  during  the  experimentation,  472  occurred  during  later 
sustained  machinegun  fire  (Situations  3, 6,  and  9).  This 
could  have  been  due  to  the  reduction  in  the  buffer  preload, 
to  the  reuse  of  the  belt  links,  or  to  some  other  cause. 

Measurements  of  the  buffer  taken  after  the  completion  of 
Situations  3,6,  and  9  showed  that  preloads  were  below  the 
design  minimum.** 


*  Primer  sensitivity  was  decreased  from  "no  fire"  at  6  inch-ounces  and 
"all  fire"  at  36  Inch-ounces,  to  "no  fire"  at  12  inch-ounces  and  "all 
fire"  at  48  inch-ounces.  Ref:  Frankford  Arsenal  -  1st  Memo  Report 
on  AR15  Rifle  Ammunition  Systems,  Investigation  of  Firing  Pin  Energy 
and  Primer  Sensitivity,  data  4  April  1963  and  Military  Specification 
MIL-C-996-3D,  dated  1  June  1964. 

**  The  preload  specification  is  245  pounds  minimum  and  260  pounds  maxi¬ 
mum.  The  average  preload  after  firing  Situations  3,  6,  and  9,  was 
221  pounds. 
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This  Information  therefore  indicates  that  misfires  in  the  5,56mm 
weapons  were  due  to  the  function  of  primers  tliat  were  too  insensitive. 

d.  Belt  Links 

During  the  experiment,  it  was  noted  that  a  major  cause  of 
Stoner  machinegun  malfunctions  was  belt  link  separations.  Separations 
occurred  as  often  as  ten  times  per  belt,  frequently  causing  other  mal¬ 
functions. 

Comparisons  of  the  links  against  design  drawings  showed  that  the  links 
deviated  from  design  drawings  dimensions.  At  USACDCEC  request, 

30, 000  links  made  to  design  drawing  dimensions  were  obtained  from  AMC. 

A  comparison  test  of  the  "old"  and  "new”  links  produced  the  following  re¬ 
sults. 

An  average  of  seven  separations  per  belt  occurred  when  eight  belts 
of  150  rounds  were  fired,  each  using  the  old  links.  The  number  of  separ¬ 
ations  by  belt  were  8,  3,  18,  5,  8,  0,  and  7.  These  separations  also 
caused  24  failures  to  feed,  one  failure  to  strip  (stubbed  round  resulted), 
and  two  failures  of  bolt  to  go  forward.  No  separations  occurred  with  the 
new  links  when  firing  with  seven  150-round  belts  and  one  200-round  belt. 

The  200-round  belt  had  links  that  were  used  a  second  time. 

The  30, 000  links  manufactured  to  proper  design  were  then  substituted 
for  the  originally  supplied  links  for  the  machinegun  squad  portion  of  the 
experiment  (Situations  3,  6,  and  9).  *  During  this  phase  of  the  experiment 
(in  which  28,  000  rounds  were  fired)  there  were  three  belt  separations,  and 
these  separations  occurred  with  links  that  had  been  reused. 

e.  Other  Ammunition  Deficiencies 

Although  individuals  adjacent  to  the  firer  normally  could  see 
both  tracers,  neither  the  US  7. 62mm  tracer  cartridge  nor  the  US  5. 56mm 
tracer  cartridge  provided  a  trace  that  was  visible  enough  to  be  used  by  the 
firer  in  adjusting  fire,  with  or  without  sights,  under  dayli^t  conditions. 

This  deficiency  negates  the  adjustment  of  fire  for  automatic  weapons  by  the 
gunner  observing  his  tracers. 

The  US  7. 62mm  duplex  cartridge  suffered  pierced  primers.  This  was 
judged  to  be  caused  by  excessive  chamber  pressure.  ** 

*  Faulty  type  links  already  had  been  used  with  the  Stoner  machineguns 
throughout  four  of  the  six  situations  in  the  rifle  squad  portion  of  the 
experiment. 

**  Current  chamber  pressure,  temperature,  and  waterproofing  deficiencies 
of  this  cartridge  are  given  in  Memorandum  Report,  Preproduction  Test 
of  Cartridge,  7.62mm,  Ball,  Duplex,  Ml 98,  April  1965,  Frankford  Arsenal 
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D.  EFFECT  OF  MALFUNCTIONS  ON  EXPERIMENTATION 


Malfunctions  in  the  S.  56mm  weapons  attributed  to  faulty  ammunition 
and  belt  links  degraded  the  fire  effectiveness  of  all  5. 56mm  weapons, 
especially  the  M16E1  rifle  and  Stoner  machinegim.  In  one  tactical  situation, 
for  example,  the  M16E1  rifle  had  a  weapon  downtime  due  to  stoppages  of 
6. 97  percent  of  the  situation  time.  The  effects  on  the  Stoner  machlnegun 
were  judged  to  be  sufficiently  severe  to  disqualify  the  machlnegun  squad 
portion  of  the  experiment. 

The  AK47  was  the  most  reliable  of  the  experimentation  weapons. 

The  US  7. 62mm  weapons  (M14,  M14E2,  and  M60)  demonstrated  fewer 
malfunctions  than  the  US  5. 56mm  weapons.  The  Stoner  machlnegun  and 
M16E1  had  the  highest  malfunction  rate.  The  reliability  of  the  Stoner 
machlnegun  wldi  the  ammunition  provided  for  the  experiment  was  judged 
to  be  sufficiently  low  to  invalidate  the  machlnegun  squad  portion  of  the 
experiment.  Major  causes  of  malfunctions  in  the  5. 56mm  weapons  were 
attributed  to: 

1)  An  interaction  of  ammunition  deficiencies  caused  by  changes 
made  in  the  ammunition  propellant  and  primer  sensitivity 

at  the  time  of  the  standardization  of  the  5. 56mm  ball  cart¬ 
ridge 

2)  Deviations  from  design  specifications  in  the  manfucature  of 
the  machlnegun  belt  links 

Until  the  deficiencies  in  the  ammunition  and  belt  links  are  corrected 
(and  it  is  considered  that  they  are  readily  correctable),  it  is  impossible 
for  the  Stoner  5. 56mm  machlnegun  to  function  at  its  miudmum  potential. 

Neither  7. 62mm  nor  5. 56mm  tracer  rounds  provide  a  trace  that  is 
visible  enough  to  the  flrer  under  daylight  conditions  for  him  to  use  it  in 
adjusting  his  fire.  The  duplex  round  suffered  pierced  primers,  apparently 
caused  by  excessive  chamber  pressure  in  the  M14  and  M14E2  rifles. 
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SECTION  VI 


SQUAD  WEAPON  MIX  FIRE  EFFECTIVENESS  RESULTS 


A.  RIFLE  SQUAD  EXPERIMENT 

The  results  are  presented  on  foldout  sheets  and  in  separate  tables 
and  graphs  for  each  situation.  Included  are  raw  score  averages,  standard 
scores,  probability  (p)  values,  F  values,  X®  values,  ranges  of  scores 
for  the  measures  of  effectiveness  and  collateral  measures,  graphs  of  hits 
as  a  function  of  time  and  range  vt^ere  applicable,  and  histograms  for  the 
distribution  of  near  misses  by  target  where  applicable. 

The  results  for  Mix  RC  (seven  AK47  rifles  and  two  RPD  machineguns) 
are  not  included  in  the  same  tables  and  graphs  as  other  mixes,  -ix  RC 
was  fired  later  (January  1966).  Because  of  differences  in  range  conditions 
and  weather,  the  RC  results  are  not  directly  comparable  to  the  other  rifle 
squad  mix  results  and  are  therefore  presented  separately. 

1.  Situation  1:  Rifle  Squad  in  Line  Assault 

This  situation  evaluated  rifle  squad  mixes  in  marching  fire 
against  concealed  and  partially  concealed  enemy  targets  in  foxholes.  The 
length  of  the  assault  was  100  meters,  and  the  duration  was  2  minutes. 

Enemy  targets  were  engaged  115  to  148  meters  firom  the  line’ at  v4ilch  the 
assault  started,  and  at  distances  of  15  to  48  meters  from  the  point  where 
the  assault  ended.  The  target  array  occupied  a  position  50  meters  wide 
and  30  meters  deep  with  a  differential  in  target  elevations  of  about  4  meters. 

Results  for  the  assault  are  tabulated  and  presented  graphically  in 
Figure  6-1. 

The  average  number  of  near  misses  for  all  mixes  combined  are  pre¬ 
sented  as  a  function  of  target  location  and  simulator  type  in  Figure  6-2. 

This  figure  presents  the  vertical  profile  of  the  target  array  showing  to 
scale  the  elevation  and  width  of  the  array.  The  position  of  each  target  is 
shown.  Because  the  assault  is  progressing  up  a  slope,  the  difference  in 
the  elevation  of  the  actual  targets  as  seen  by  the  firers  is  less  than  tiiat 
shown  in  the  figure.  The  number  associated  with  each  target  on  the  pro¬ 
file  shows  the  average  number  of  near  misses  for  all  rifle  mixes,  the 
simulator  cues  associated  with  each  target,  and  the  width  of  the  near  miss 
zone  at  each  target.  Although  not  shown,  the  height  of  the  near  miss 
sensing  zone  extends  in  a  2-meter  semicircle  from  the  center  of  fee 
target. 
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The  tabulation  below  indicates  the  ^proximate  distance  of  the  squad 
from  the  middle  of  the  target  array  (in  depth  and  width)  in  relation  to  the 
time  in  minutes  that  the  squad  progressed  up  the  assault  course.  Explor¬ 
atory  firings  on  the  assault  range  indicated  that  squad  movement  across 
the  assault  range  was  generally  at  a  constant  rate.  All  squads  took  approxl 
mately  2  minutes  to  complete  the  course. 


Time  Traveled 
(nainutes) 

Average  Distance 
&om  Targets 
(meters) 

.00 

131 

.25 

119 

.50 

105 

.75 

94 

1.00 

81 

1.25 

69 

1.50 

56 

1.75 

44 

2.00 

31 

Figure  6-3  illustrate  the  average  number  of  targets  hit  and  average 
number  of  near  misses  plotted  as  a  function  of  time  and  range  for  each 
mix  in  the  assault  situation.  The  cumulative  average  hits  by  each  mix 
at  each  point  along  the  assault  course  are  indicated  by  the  ordinates  of  the 
curve  at''that  point.  The  start  of  the  assault  (131  meters  from  the  targets) 
is  indicated  by  the  left  end  of  the  curve  and  the  completion  of  the  assault 
(31  meters  from  the  targets)  is  indicated  by  the  ri^t  end  of  the  curve. 

Figure  6-4  shows  the  number  of  near  misses  for  each  target  and 
their  distribution  as  a  function  of  target  location  and  simulator  type. 
Target  locations  are  provided  for  purposes  of  comparison  in  insert  maps. 

The  rank  order  of  weapon  mixes  (other  than  Mix  RC)  with  associated 
standard  scores  are  presented  below. 


Overall  Effectiveness* 


Target  Effects  Only 


Rank 

Mix 

Standard 

Score 

SB 

70.1 

SA 

68.9 

SC 

65.2 

UB 

59.8 

5 

CB 

57.9 

6 

CA 

47.1 

7 

UA 

42.2 

8 

RA 

35.7 

9 

UD 

28.2 

10 

UC 

25.9 

Rank 

Mix 

Standard 

Score 

CB 

65.8 

SB 

65.6 

SA 

63.5 

CA 

59.7 

5 

SC 

56.2 

6 

UB 

54.4 

7 

UA 

43.8 

8 

RA 

35.3 

9 

UD 

32.4 

10 

UC 

24.3 

♦  Sustainability  weig^ited  1/3  ;  Target  effects  2/3 


Key; 

UA  - 

9  M14  Rifles 

SB 

UD  - 

9  M14E2  Rifles 

SC 

UB  - 

7  M14  Rifles  and 

2  M14E2  AR, 

UC  - 

5  M14  Rlfl,es  and 

CA 

2  M60  MQ 

CB 

SA  - 

9  Stoner.'Rifles 

RA 

7  Stoner  Rifles  and 
2  Stoner  AR 

7  Stoner  Rifles  and 
2  Stoner  MG 

9  Colt  Rifles 

7  Colt  Rifles  and 
2  Colt  AR 

9  AK47  Rifles 


Mix  RC  results  for^Situation  1  are  presented  below. 


CET 

Near  Misses 

Percent  Ammo 
Remaining 

Targets 

Hit 

Total  Hits 

29.08 

3.67 

25 

■■ 

2.4 
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.000 

,000 
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.19 

SC 

.37 

.16 
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Nolf.  .Standard  Scores  compuli-d 

from  raw  scores  using  scores 
to  three  decimal  places. 


UA  '  9  hiu  Rifles 
UB  •  7  M14  Riac8/2  M14£2  AR 
UC  '  5  M14  Riflc8/2  M60  MG 
UO  -  9  Mi4C2  Rifles 
CA  -  9  CoU  Rifles 


CB  «  7  Colt  Rlflea/2  CoU  AR 
SA  *  9  Stoner  Rifles 
SB  -  7  Stoner  Rine8/2  Stoner  AR 
SC  •  7  Stoner  Rifle8/2  Stoner  MG 
RA  •  9  AK47  Rifles 


X  -  Mean  (Average) 

SD  •  Standard  Deviation 
CET  -  Cumulative  Exposui 
z*  ••  Standard  Score  (X  * 
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Figure  6-2 

VERTICAL  PRO HLE— SITUATION  1 
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Figure  6-3  (Continued)  CUMULATIVE  NUMBER  OF  NEAR  MISSES 
AND  TARGETS  HIT —SITUATION  1 
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Figure  6-3  (Continued)  CUMULATIVE  NIJMBER  OF  NEAR  MISSES 
AND  TARGETS  HIT~SITUATION  1 
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Figure  6-4  (Continued)  NUMBER  AND  DISTRIBUTION  OF 
NEAR  MISSES— SITUATION  1 
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Figure  6-4  (Continued)  NUMBER  AND  DISTRIBUTION  OF 
NEAR  MISSES—SITUATION  1 
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Figure  6-4  (Continued)  NUMBER  AND  DISTRIBUTION  OF 
NEAR  MISSES— SITUATION  1 


2.  Situation  2:  Rifle  Squad  as  Base  of  Fire  Supporting  the  Assault 


This  situation  evaluated  rifle  squad  weapon  mixes  firing  supporting 
fire  from  hastily  prepared  foxholes.  Range  from  the  foxholes  to  enemy 
targets  was  from  269  to  326  meters.  There  were  30  concealed  or  partially 
concealed  enemy  targets  occupying  a  position  100  meters  wide  and  35  meters 
deep.  The  duration  of  fire  was  4  minutes.  For  the  first  2  minutes,  fire 
was  directed  at  the  left  50  meters  of  the  enemy  array  (the  17  targets  used 
in  Situation  1  Assault).  Fire  was  then  shifted  50  meters  to  the  right,  to  an 
area  containing  13  targets.  The  technique  of  fire  provided  area  fire  dis¬ 
tributed  throughout  the  sector  with  point  fire  employed  w^en  a  target  was 
seen,  or  when  weapon  simulators  gave  detected  cues  to  a  particular  tar¬ 
get  location. 

Results  for  Situation  are  tabulated  and  presented  graphically  in 
Figure  6-5. 

Vertical  profiles  of  the  target  arrays  appear  in  Figure  6-6,  showing 
positions  and  relative  differences  In  elevation  as  seen  from  the  support 
positions.  The  average  number  of  near  misses  for  all  rifle  mixes  (not 
Including  special  weapons  mixes  or  duplex)  Is  given  by  the  number  over 
each  target.  Also  indicated  are  the  simulator  cues  associated  with  each 
target  and  the  total  width  of  the  2 -meter  radius  semicircular  zone  In  which 
near  misses  were  sensed. 

Figure  6-7  illustrates  the  cumulative  number  of  near  misses  for  each 
array,  the  percent  of  ammunition  remaining,  targets  hit,  and  ammunition 
used  as  a  function  of  time.  For  Mix  RC,  only  cumulative  number  of  hits 
is  presented.  Figure  6-8  shows  the  number  of  near  misses  and  their  dis¬ 
tributions  as  a  function  of  target  location  and  array.  Target  locations  are 
provided  for  purpose  of  comparison  in  insert  maps. 

The  rank  order  of  the  ten  weapons  mixes  with  associated  standard 
scores  is  presented  below. 
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Target  Effects  Only 

Rank 

Mix 

Standard 

Score 

CA 

68.2 

SC 

60,1 

UB 

59.9 

UA 

58.9 

5 

CB 

57.0 

6 

UD 

56.9 

7 

SB 

47.1 

8 

UC 

43.5 

9 

SA 

36.5 

10 

RA 

11.6 

Overall  Effectiveness* 

Rank 

Mix 

Standard 

Score 

CA 

73.6 

CB 

62.6 

UA 

55.4 

SC 

54.8 

5 

UB 

51.2 

6 

UD 

48.2 

7 

SA 

46.5 

8 

SB 

45.5 

9 

UC 

36.4 

10 

RA 

29.8 

*  Sustainability  weighted  l/3;  Target  effects  2/3 


Key: 

UA 

-  9  M14  Rifles 

SB  -  7  Stoner  Rifles  and 

UD 

-  9  M14E2  Rifles 

2  Stoner  AR 

UB 

-  7M14  Rifles  and 

2  M14E2  AR 

SC  -  7  Stoner  Rifles  and 
2  Stoner  MG 

UC 

-  5M14  Rifles  and 

CA  -  9  Colt  Rifles 

2  M60  MG 

CB  -  7  Colt  Rifles  and 

SA 

-  9  Stoner  Rifles 

2  Colt  AR 

RA  -  9  AK47  Rifles 

Mix  RC  results  for  Situation  2  are  presented  below. 


Mix 

CET 

Percent  Ammo 
Remaining 

Near  Misses 

Targets  Hit 

Total  Hits 

RC 

80.70 

0 

354.80 

10.00 

10.4 
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77,5 
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22.0  6.7  48.5  5.1 

17.2  6.8  42.5  4.8 

16.2  8.5  41.2  4.8 

10.3  5.6  33.8 

.8  6.7  30.6 

1.2  1.5  22.3  I  4.1 


2.4  I  44.5 
43.0 


68.2 
60.1 
UB  59.9 
UA  58.9 
CB  57.0 


CA 

73.6 

CB 

62.6 

UA 

55.4 

SC 

54.8 

UB 

51.2 

UD 

48.2 

SA 

46.5 

SB 

45.5 

UC 

36.4 

RA 

29.8 

Note.  Standard  Scores  computed 

(rom  raw  scores  using  scores 
to  three  decimal  places. 


UA  -  >  M14  RiQes 
UB  -  7  M14  RtlleB/2  M14E2  AR 
UC  -  5  M14  Riaes/2  M60  MG 
UO  -  9  M14E2  RUles 
CA  •  9  Colt  RUles 


CB  -  7  Colt  Riae3/2  Colt  AR 
SA  -  9  Stoner  Rifles 
SB  -  7  Stoner  Rlfles/2  Stoner  AR 
SC  -  7  Stoner  Rlfle8/2  Stoner  MG 
RA  •  9  AK47  RlGea 


X  -  Mean  (Avera| 
SD  -  Standard  Dev 
CET  -  Cumulative  E 
z*  -  Standard  Scot 
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Figure  6-7  CUMULATIVE  NUMBER  OF  ROUNDS  FIRED 
TARGETS  HIT,  NEAR  MISSES,  AND  PERCENT  OF 
AMMUNITION  REMAINING--SITUATION  2 
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Figure  6-7  (Continued)  CUMULATIVE  NUMBER  OF  ROUNDS  FIRED 
TARGETS  HIT,  NEAR  MISSES  AND  PERCENT  OF 
AMMUNITION  REMAINING—SITUATION  2 
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Figure  6-7  (Continued)  CUMULATIVE  NUMBER  OF  ROUNDS  FIRED, 
TARGETS  HTT,  NEAR  MISSES,  AND  PERCENT  OF 
AMMUNITION  REMAINING— SITUATION  2 
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Figure  6-7  (Concluded)  CUMULATIVE  NUMBER  OF  ROUNDS  FIRED 
TARGETS  HIT,  NEAR  MISSES,  AND  PERCENT  OF 
AMMUNITION  REMAINING—SITUATION  2 


Tsrfet  Number  ud  Slmuletor  Type 


Mimber  ot  Near  Miisee 


Left  Array  j  Rl({ht  Array 


Number  of  Near  Misses  Number  of  Near  Misses  Number  of  Near  Misses 


MGRARRMGR->  RR-RR  RRARRRARRR'R  •ARRUCRR  R 
Ttrget  Number  and  Simulator  Type 


MORARRMOR>>  RR-RR  RRARRRARRR-R  -  ARRMCRR  R 


Target  Number  and  Simulator  Type 

Figure  6-8  (Continued) 

NUMBER  AND  DISTRIBUTION  OF  NEAR  MBSES—SITUATION  2 
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3.  Situation  4;  Rifle  Squad  In  Approach  to  Contact 


The  approach  to  contact  situation  evaluated  rifle  squad  weapon 
mixes  in  standing  qulckflre.  This  situation,  In  which  the  firers  were 
time  stressed,  was  designed  to  evaluate  the  pointing  characteristics  of 
small  arms.  It  consisted  of  40  targets  programmed  to  appear  In  12  events 
(or  groups)  of  one  to  ten  targets  each.  The  12  target  groups  were  deployed 
at  various  points  along  a  valley  430  meters  long.  The  range  from  targets 
to  the  firers  was  19  to  180  meters.  Programmed  target  exposure  times 
ran  from  2  seconds  to  10  seconds  for  some  of  the  longer  range  targets 
(beyond  100  meters).  Total  programmed  cumulative  exposure  time  for 
all  40  targets'was  2. 996  minutes.  The  time  required  for  each  squad  to 
complete  the  approach  to  contact  course  was  25  to  30  minutes. 

Results  are  presented  in  subtables  and  gr^hically  for  cumulative 
e;q}osure  times,  sustainability,  number  of  targets  hit,  and  number  of 
total  hits,  across  all  events  in  Figure  6-9.  Cumulative  hits  and  percent 
of  ammunition  remaining  as  a  function  of  time  range  and  event  are 
presented  in  Figure  6-10.  In  addition,  three  sets  of  tables  are  presented, 
listing  the  rank  order  and  associated  standard  scores  for  the  following 
measures. 

Table  a  —  Rank  order  of  weapon  mixes  and  associated 
standard  scores  for  sum  of  target  effects  across  all  12 
events.  This  weights  the  event  by  range  and  number  of 
targets  unequally. 

Table  b  —  Rank  order  of  weapon  mixes  and  associated 
standard  scores  with  all  events  weighted  equally,  hi 
effect,  this  table  represents  the  average  of  the  standard 
scores  computed  for  each  event,  where  Table  a  repre¬ 
sents  the  standard  scores  computed  from  the  sum  of 
raw  scores  across  all  40  targets  (12  events). 

Table  c  —  Rank  order  of  weapon  mixes  and  associated 
standard  scores  for  the  ambush  situation  (ten  enemy 
targets  at  a  range  of  21  to  34  meters). 


Table  a.  SUM  OF  RAW  SCORES  ACROSS  ALL  TARGETS 
(Events  Weighted  Unequally) 


Target  Effects  Only 

Rank 

- 1 

Mix 

Standard 

Score 

SC 

61.4 

CA 

59.3 

SB 

52.8 

UA 

51.7 

5 

RA 

50.6 

6 

UB 

49.6 

7 

CB 

45.2 

8 

UD 

44.2 

9 

SA 

44.2 

10 

UC 

40.9 

Overall  Effectiveness* 

Rank 

Mix 

Standard 

Score 

CA 

62.5 

UA 

56.7 

RA 

54.4 

SC 

53.7 

5 

CB 

53.4 

6 

SB 

52.6 

7 

UB 

51.7 

8 

SA 

46.9 

9 

UC 

35.1 

10 

UD 

33.0 

Table  b.  AVERAGE  OF  12  EVENT  STANDARD  SCORES 
(Events  Weighted  Equally) 


Overall  Effectiveness* 

Rank 

Mix 

Standard 

Score 

CA 

64.5 

UA 

57.5 

UB 

53.9 

SB 

51.6 

RA 

51.6 

SC 

51.5 

CB 

50.8 

8 

SA 

48.5 

9 

UD 

35.2 

10 

UC 

34.7 

Target  Effects  Only 

Rank 

Mix 

Standard 

Score 

CA 

62.9 

SC 

57.0 

UA 

54.4 

UB 

53.4 

5 

SB 

51.3 

6 

SA 

46.7 

7 

RA 

46.4 

8 

UD 

44.2 

9 

CB 

42.4 

10 

UC 

41.5 

*  Sustainability  weighted  1/3;  Target  effects  2/3 

6-38 


Table  c.  AMBUSH  EVENT  (10  TARGETS  -  21  to  34  METERS) 


Target  Effects  Only 


Standard 

Score 


Rank 


Overall  Effectiveness* 


Standard 

Score 


*  Sustainability  wel^ted  1/3;  Target  effects  2/3 


Key: 

« 

UA 

-  9  M14  Rifles 

SB 

*  7  Stoner  Rifles  and 

UD 

-  9  M14E2  Rifles 

2  Stoner  AR 

UB 

-  7  M14  Rifles  and 

2  M14E2  AR 

SC 

-  7  Stoner  Rifles  and 
2  Stoner  MG 

UC 

-  5  M14  Rifles  and 

CA 

-  9  Colt  Rifles 

2  M60  MG 

CB 

-  7  Colt  Rifles  and 

SA 

-  9  Stoner  Rifles 

2  Colt  AR 

RA 

>  9  AK47  Rifles 

Mix  RC  results  for  Situation  4  are  presented  below. 
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uc 

2.14 

.2 

40.0 

X 
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SD 

.03 
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Effccta 
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ERectiveneas 


F 

X 
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£ 
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SC 

M 
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CA 
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SB 
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61.4 

CA 

62.S 

CA 

59.3 

UA 

56.7 

UA 

SB 
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RA 
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RA 

UA 

51.7 
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50.6 
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49.6 
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to  three  decimal  places. 
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Figure  6-10  CUMULATIVE  NUMBER  OF  TARGETS  HIT  AND 
PERCENT  OF  AMMUNITION  REMAINING— SITUATION  4 
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Figure  6-10  (Continued)  CUMULATIVE  NUMBER  OF  TARGETS  HIT  AND 
PERCENT  OF  AMMUNITION  REMAINING—SITUATION  4 
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Figure  6-10  (Continued)  CUMULATIVE  NUMBER  OF  TARGETS  HIT  AND 
PERCENT  OF  AMMUNITION  REMAINING— SITUATION  4 
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Figure  6-10  (Continued)  CUMULATIVE  NUMBER  OF  TARGETS  HIT  AND 
PERCENT  OF  AMMUNITION  REMAINING—SITUATION  4 
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Figure  6-10  (Concluded)  CUMULATIVE  NUMBER  OF  TARGETS  HIT  AND 
PERCENT  OF  AMMUNITION  REMAINING—SITUATION  4 
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4.  Situation  5;  Rifle  Squad  as  a  Base  of  Fire  Supporting  the  Advance 

Rifle  squad  yueapon  mixes  fired  from  unprepared  firing  positions 
on  two  arrays  of  enemy  targets.  The  duration  of  fire  was  4  minutes,  with 
the  first  2  minutes  devoted  to  an  array  of  14  enemy  targets  occupying  an 
area  60  meters  wide  and  42  meters  deep.  The  range  of  targets  from  the 
flrers  was  379  to  445  meters.  The  second  2  minutes  of  fire  were  delivered 
on  an  array  of  13  targets  occup3ring  an  area  45  meters  wide  and  62  meters 
deep,  at  ranges  from  the  firers  of  477  to  560  meters.  The  technique  of 
distributed  fire  was  used  throughout  the  sector,  with  point  fire  used  when 
targets  were  seen  or  weapon  simulators  gave  specific  cues  to  a  target's 
location. 

Arrays  X  and  Y  are  presented  separately  following  the  overall  results 
for  the  two  arrays  combined. 

Results  for  Situation  5  are  tabulated  and  presented  gr^hlcally  in  Figures 
6-11,  6-12,  and  6-13.  Figure  6-14  shows  plots  of  cumulative  average  first 
hits  as  a  function  of  time.  For  Mix  RC,  only  cumulative  number  of  hits  is 
presented.  Figure  6-15  shows  the  distribution  of  near  misses  by  target. 

The  rank  order  of  the  ten  mixes  (other  than  Mix  RC)  with  associated 
standard  scores  are  given  below. 


Target  Effects  Only 

Rank 

Mix 

Standard 

Score 

SA 

82.6 

SB 

66.9 

SC 

63.6 

CB 

63.4 

5 

UA 

48.7 

6 

UD 

46.7 

7 

UC 

41.8 

8 

CA 

31.6 

9 

UB 

27.6 

10 

RA 

27.3 

Overall  Effectiveness* 

Rank 

Mix 

Standard 

Score 

iim 

SA 

74.5 

CB 

67.9 

SB 

63.8 

SC 

57.5 

CA 

50.1 

UA 

47.5 

UD 

41.5 

8 

UC 

36.44 

9 

RA 

30.77 

10 

UB 

30.1 

*  Sustainability  weighted  1/3;  Target  effects  2/3 
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Key; 

UA 

-  9  M14  Rifles 

SB  -  7  Stoner  Rifles  and 

UD 

-  9  M14E2  Rifles 

2  Stoner  AR 

UB 

-  7  M14  Rifles  and 

2  M14E2  AR 

-  5  M14  Rifles  and 

SC  -  7  Stoner  Rifles  and 
2  Stoner  MG 

CA  -  9  Colt  Rifles 

UC 

2  M60  MG 

CB  -  7  Colt  Rifles  and 

SA 

-  9  Stoner  Rifles 

-  7  AK47  Rifles  and 

2  Colt  AR 

RA  -  9  AK47  Rifles 

RC 

2  RPD  MG 

Mix  RC  results  for  Situation  5  are  presented  below. 


CET 

Near  Misses 

Percent  Ammo 
Remaining 

Targets 

Hit 

Total  Hits 

41.41 

167.80 

51.60 

5.72 

6. 12 
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Stuixlarti  ScDn-s  computed 
tr«>m  raw  scores  using  scores 
to  thrt't*  decimal  places. 
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>1 


Figure  6-11  SUMMARY  OF  RESULTS— SITUATION  5 
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Figure  6-12  SUMMARY  OF  RESULTS—SITUATION  5  (ARRAY  X) 
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Figure  6-13  SUMMARY  OF  RESULTS—SITUATION  5  (ARRAY  Y) 
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Figure  6-14  (Continued) 
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Figure  6-15  NUMBER  AND  DISTRIBUTION  OF 
NEAR  MISSES—SITUATION  5 
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Figure  6-15  (Continued)  NUMBER  AND  DISTRIBUTION 
OF  NEAR  MISSES— SITUATION  5 
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Figure  6-15  (Continued)  NUMBER  AND  DISTHTOUTION 
OF  NEAR  MISSES— SITUATION  5 
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Figure  6-15  (Continued)  NUMBER  AND  DISTRIBUTION 
OF  NEAR  MISSES— SITUATION  5 
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Figure  6-15  (Continued)  NUMBER  AND  DISTRIBUTION 
OF  NEAR  MISSES—SITUATION  5 


5.  Situation  7:  Rifle  Squad  in  PrfrnBP  Against  Attack 

Rifle  squad  weapon  mixes  fired  from  hastily  prepared  foxholes  at 
enemy  targets  appearing  at  ranges  from  345  meters  to  45  meters.  Targets 
appeared  *'n  sequence,  with  long  range  targets  appearing  first.  The  attack 
ended  with  ten  targets  In  an  assault  formation  45  meters  from  the  firing 
positions.  The  duration  of  the  situation  was  8.-19  minutes. 

Two  series  of  runs  were  made  in  this  situation;  Series  1,  in  which 
M14  rifles,  were  fired  in  the  semiautomatic  mode,  while  Stoner,  Colt, 
M14E2,  and  AK47  weapons  fired  in  the  automatic  mode;  and  Series  2, 

In  which  half  of  each  mix  fired  automatic  and  the  other  half  fired  semi¬ 
automatic.  Series  2  determined  the  best  mode  of  fire  (semiautomatic  or 
automatic)  for  the  various  rifles  and  provided  an  Index  of  the  percentage 
increase  or  decrease  in  effectiveness  furnished  by  automatic  and  semi¬ 
automatic  fire  in  this  situation  (primarily  aimed  fire  as  a  function  of 
time  at  visible  targets).  Weapon  mixes  were  then  compared  on  the  basis 
of  their  best  mode  of  fire  as  determined  by  these  Series  2  results.  If 
Series  2  results  showed  a  decrease  in  effectiveness  resulting  from  a  mode 
of  fire  different  from  that  used  in  Series  I,  the  Series  1  score  was  left 
untouched.  However,  if  Series  2  firings  showed  that  a  given  percentage 
increase  in  effectiveness  could  be  expected  by  using  a  mode  of  fire  dif¬ 
ferent  from  that  used  in  Scries  1,  that  mix's  Series  1  score  was  increased 
(for  comparative  purposes)  by  an  amount  equivalent  to  the  percent  of  in¬ 
crease  Indicated  by  Series  2  results.  Results  of  Series  2  firings  indicated 
that  within  the  squad  context  in  terms  of  both  target  effects  and  overall 
effectiveness  (visible  quick  exposure  targets  from  45  to  345  meters), 
semiautomatic  fire  was  superior  to  automatic  fire  for  all  rifles. 

Results  for  the  ten  mixes  (other  than  Mix  RC)  are  presented  in  Figure 
6-16.  Figure  6-17  presents  plots  of  cumulative  exposure  time  (CET), 
targets  hit,  rounds  fired,  total  hits,  and  percent  of  ammunition  remaining 
as  a  function  of  range  for  the  Colt,  Stoner,  AK47,  and  the  all-M14E2 
squad  mixes  in  automatic  fire,  and  for  the  other  US  7.62mm  mixes  in 
semiautomatic  fire.  Although  Figure  6-16  illustrates  the  expected  per¬ 
formance  of  mixes  in  their  best  mode  of  fire,  the  plots  in  Figure  6-17 
represent  only  firings  in  Series  1;  therefore.  Figure  6-17  is  presented 
for  purposes  of  illustration  and  does  not  necessarily  represent  perform¬ 
ances  with  the  weapons  in  their  best  mode  of  fire. 

The  rank  order  of  weapon  mixes  (other  than  Mix  RC)  with  associated 
standard  scores  are  given  below. 
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Target  Effects  Only 

Rank 

Mix 

Standard 

Score 

Overall  Effectiveness* 


Rank 


Mix 

Standard 

Score 

CB 

84.6 

SC 

61.5 

SB 

60.2 

CA 

59.5 

SA 

57.6 

UA 

55.2 

RA 

37.6 

UB 

33.8 

UB 

31.1 

UD 

19.0 

•  Sustainability  weighted  1/3/  Target  effects  2/3 


-  7  Stoner  Rifles  and 
2  Stoner  AR 

-  7  Stoner  Rifles  and 
2  Stoner  MG 

-  9  Colt  Rifles 

-  7  Colt  Rifles  and 
2  Colt  AR 

-  9  AK47  Rifles 


Key; 

UA  - 

9  M14  Rifles 

SB 

UD  - 

9  M14E2  Rifles 

SC 

UB  - 

7  M14  Rifles  and 

2  M14E2  AR 

CA 

UC  - 

5  M14  Rifles  and 

2  M60  MG 

CB 

SA  - 

9  Stoner  Rifles 

RA 

Mix  RC  results  for  Situation  7  are  presented  below. 
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Figure  6-17 

CUMULATIVE  EXPOSURE  TIME,  TARGETS  HIT,  ROUNDS  FIRED,  TOTAL 
HITS,  AND  PERCENT  OF  AMMUNITION  REMAINING—SITUATION  7 
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Figure  6-17  (Continued) 

CUMULATIVE  EXPOSURE  TIME,  TARGETS  HTT,  ROUNDS  FIRED,  TOTAL 
HITS,  AND  PERCENT  OF  AMMUNITION  REMAINING—SITUATION  7 


Figure  6-17  (Continued^ 

CUMULATIVE  EXPOSURE  TIME,  TARGETS  HIT,  ROUNDS  FIRED,  TOTAL 
HITS,  AND  PERCENT  OF  AMMUNITION  REMAINING—SITUATION  7 
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6.  Situation  8:  Rifle  Sqund  In  Night  Defense  Against  Attack 

Rifle  squad  weapon  mixes  fired  from  hastily  prepared  foxholes 
at  enemy  targets  raised  for  fixed  exposure  times  in  sequence  beginning 
at  a  range  of  235  meters  from  the  firers  and  ending  with  a  ten-man  final 
assault  at  45  meters.  The  cycle  was  then  repeated  with  targets  coming 
up  in  a  different  sequence  the  second  cycle.  This  represented  a  regroup¬ 
ing  for  a  second  attack  and  provided  a  broader  data  base.  In  this  situa¬ 
tion  the  enemy  targets  were  not  visible  to  the  firers  because  of  darkness, 
and  cues  were  simulator  flash  and  sound.  The  duration  of  the  situation 
was  4.8  minutes  for  both  cycles  combined. 

As  in  Situation  7,  a  second  series  (not  to  be  confused  with  the  second 
cycle  discussed  above)  was  fired  to  determine  the  better  mode  of  fire 
(semiautomatic  or  automatic)  for  the  different  rifles.  Because  of  the 
variability  of  scores,  however,  it  was  not  possible  to  conclude  that  one 
mode  was  better  than  the  other  for  any  weapon  in  this  night  situation.  For 
example,  although  the  M14  rifles  that  were  fired  at  night  In  the  automatic 
mode  increased  their  target  effects  approximately  17.4  percent,  they  were 
still  not  superior  to  the  low  Impulse  weapons  and  expended  26.4  percent 
more  ammunition  to  achieve  the  gain.  It  was  therefore  judged  that  the 
proper  mode  of  fire  for  the  Ml 4  at  night  under  circumstances  similar  to 
those  of  Situation  8  is  semiautomatic.  In  like  manner,  there  was  no  reason 
for  concluding  that  the  other  rifles  had  not  fired  in  their  best  mode  In 
Series  1;  therefore.  Series  2  scores  were  not  integrated  with  Series  1 
socres. 

Results  for  the  ten  mixes  (other  than  Mix  RC)  are  presented  in  Figure 
6-18.  Figure  6-19  Illustrates  CET  as  a  function  of  target  range  for  Cycles 
1  and  2.  On  each  cycle  the  range  is  decreasing  as  the  attack  progresses 
toward  the  weapon  positions. 

Results  for  the  ten  mixes  (other  than  Mix  RC)  are  presented  In  the 
following  tables  and  graphs,  llie  rank  order  of  ten  mixes  with  associated 
standard  scores  is  presented  below. 


Overall  Effectiveness* 

Rank 

Mix 

Standard 

Score 

1 

CB 

70.9 

SB 

69.5 

SC 

65.2 

SA 

64.1 

CA 

58.4 

UC 

45.6 

UB 

43.1 

8 

UA 

42.5 

9 

RA 

21.5 

10 

UD 

19.5 

Target  Effects  Only 

Rank 

Mix 

Standard 

Score 

1 

SB 

74.6 

SC 

71.9 

CB 

66.9 

SA 

65.8 

5 

CA 

48.9 

6 

UB 

46.2 

7 

UC 

43.5 

8 

UA 

43.5 

9 

RA 

23.5 

10 

UD 

15.4 

♦  Sustainability  weighted  1/3;  Target  effects  2/3 


Key; 

UA 

-  9  Ml  4  Rifles 

SB  -  7  Stoner  Rifles  and 

UD 

-  9  M14E2  Rifles 

2  Stoner  AR 

UB 

-  7  M14  Rifles  and 

2  M14E2  AR 

SC  -  7  Stoner  Rifles  and 
2  Stoner  MG 

UC 

-  5  Ml  4  Rifles  and 

CA  -  9  Colt  Rifles 

2  M60  MG 

CB  -  7  Colt  Rifles  aixJ 

SA 

-  9  Stoner  Rifles 

2  Colt  AR 

RC 

-  7  AK47  Rifles  and 

RA  -  9  AK47  Rifles 

2  RPD  MG 

Mix  RC  results  for  Situation  8  are  presented  below. 
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Figure  6-19 

CUMULATIVE  EXPOSURE  TIME-SITUATION  8 


t 


6-83 


Figure  6-19  (Continued) 

CUMULATIVE  EXPOSURE  TIME— SITUATION  8 
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Figure  6-19  (Continued) 

CUMULATIVE  EXPOSURE  TIME —SITUATION  8 
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Figure  6-19  (Continued) 

CUMULATIVE  EXPOSURE  TIME —SITUATION  8 
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Figure  6>19  (Continued) 

CUMULATIVE  EXPOSURE  TIME— SITUATION  8 


7.  Combinpd  Results  -  Rifle  Squad  Experiment 


Target  effects  and  overall  effectiveness  scores  were  averaged, 
for  illustrative  purposes,  across  all  six  rifle  situations,  with  each  situa¬ 
tion  arbitrarily  assigned  a  weight  of  equal  Importance.  This  does  not 
imply  that  each  situation  should  be  weighted  equally.  The  numerical 
values  presented  below  do  little  more  than  serve  as  a  base  for  var3rlng 
the  Judged  value  of  the  different  situations.  In  like  manner,  overall 
standard  scores  for  each  situation  should  be  c6nsidered  the  result  of 
arbitrarily  weighting  target  effects  two-thirds  and  sustainability  one-third. 

Sensitivity  analysed^have  shown,  however,  that  the  rank  orders  of 
the  weapon  systems  are  remarkably  Insensitive  to  changes  in  weighting. 
For  example,  because  Mix  UC  (five  Ml 4  rifles  and  two  M60  machineguns) 
never  ranks  higher  in  target  effects  than  seventh  place  in  any  situation, 

Mix  UC  can  never  rank  higher  than  the  bottom  half  in  target  effects,  no 
matter  how  much  weight  is  given  to  a  particular  situation.  Mix  UC  was 
also  inferior  in  target  effects  to  Mix  UA  (composed  entirely  of  M14 
rifles)  in  every  situation  but  the  night  defense,  and  even  in  this  situation 
Mix  UC  was  in  seventh  place,  with  Mix  UB  in  sixth  place  and  Mix  UA  a 
close  eighth.  In  overall  effectiveness.  Mix  UA  was  also  superior  to 
Mix  UC  in  five  of  the  six  situations.  It  is  therefore  concluded  that  the 
M60  machinegun  is  not  satisfactory  for  inclusion  in  the  rifle  squad. 

The  deficiencies  of  the  M60  machinegun  and  its  low  standing 
among  other  weapon  mixes  are  attributed  to  the  heavy  system  weight  that 
required  a  two-man  crew,  the  difficulty  of  managing  such  a  heavy  weapon 
in  the  moving  firing  situations,  and  the  fact  that  even  with  a  two-man  crew 
its  sustainability  is  marginal. 

The  opposite  is  true  for  Mix  SC  (seven  Stoner  rifles  and  two 
Stoner  machineguns) .  This  mix  was  among  the  top  three  in  target  effects 
in  every  situation.  It  was  also  superior  in  target  effects  to  every 
US  7.62mm  weapon  mix,  regardless  of  the  situation.  In  sustainability, 
it  dropped  in  rank  order,  but  in  overall  effectiveness  combined  across 
all  situations,  it  ranked  fourth,  again  sujserlor  to  every  US  7.62mm  mix. 
This  was  despite  the  Stoner  machinegun  being  subject  to  numerous  mal¬ 
functions  and  stoppages  caused  by  faulty  ammunition  and  improperly 
manufactured  belt  links.  It  was  nevertheless  still  able  to  finish  first  in 
combined  target  effects  for  all  situations.  It  is  therefore  concluded  that 
the  Stoner  machinegun  can  be  feasibly  included  in  the  rifle  squad  in  the 
automatic  rifle  role,  or  possibly  in  a  new  squad  organization  in  the  role 
of  a  machinegun. 

Mix  UA  (composed  entirely  of  M14  rifles)  is  superior  to  all 
other  US  7.62mm  mixes  in  target  effects,  sustainability,  and  overall 
effectiveness,  while  Mix  UB  (seven  M14s  and  two  M14E2)  and  Mix  UD 
(nine  M14E2s)  are  seventh  and  ninth,  respectively,  in  target  effects , 
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and  seventh  and  tenth  In  overall  effectiveness.  It  is  therefore  concluded 
that  a  squad  equipped  entirely  with  M14  rifles  is  superior  to  a  squad 
equipped  with  any  other  US  7.62mni  weapon  or  combination  of  these 
weapons.  In  like  manner,  it  is  concluded  that  the  M14E2  is  not  satisfac> 
tory  for  use  in  the  rifle  role. 

It  had  been  hypothesized  before  the  experiment  that  the  Colt  rifle 
and  similar  weapons  with  strai^t  stocks  and  high  si^ts  would  be  Inferior 
in  pointing  fire,  because  the  barrel  is  low  in  relation  to  the  si^ts  and 
because  the  weapon  is  short.  This  was  not  supported  by  experimentation 
data.  To  the  contrary.  Situation  4  (Approach  to  Contact),  which  was 
specifically  developed  to  investigate  pointing  fire,  shows  that  the  top 
ranking  mix  in  overall  effectiveness  was  the  mix  composed  of  nine  Colt 
rifles.  This  mix  also  ranked  second  in  target  effects.  The  variability  of 
squads  was  large  in  this  situation,  and  while  Mix  CA  was  first,  Mix  CB 
was  only  fifth  in  overall  effectiveness  and  seventh  in  target  effects. 

Although  the  variability  of  the  rank  orders  and  weapon  system  scores  is 
too  much  to  conclude  that  there  is  a  real  difference,  the  trend  favors  the 
Colt  rifle  with  its  high  sight  and  straight  stock. 

The  AK47  scores  are  low  in  all  situations  except  in  the  pointing 
fire  in  Situation  4.  However,  it  cannot  be  concluded  that  the  low  target 
effects  of  the  AK47  rifle  in  this  experiment  are  necessarily  indicative  of 
the  performance  of  the  AK47  in  general.  Its  barrel  is  only  16  inches 
long  and  the  sights  are  close  together.  It  seems  to  be  designed  primarily 
as  a  submachlnegun-t)rpe  weapon.  If  the  SAWS  results  were  weighted  by 
range  in  accordance  with  the  frequency  of  ranges  of  actual  combat,  it 
would  be  expected  to  do  much  better.  These  weapons  had  also  received 
heavier  wear  than  the  other  experimentation  weapons.  They  had  all  been 
well  used  when  received  for  the  SAWS  experiment,  and  the  number  of 
rounds  previously  fired  from  them  was  unknown.  Because  of  the  limited 
number  of  weapons,  five  flrers  usually  shared  each  weapon.  There  were 
no  spares  for  worn  or  broken  parts,  except  for  other  worn  parts  canni¬ 
balized  from  other  weapons,  and  there  was  a  variability  in  the  design 
and  quality  of  the  ammunition.  All  of  these  things  may  have  contributed 
to  the  relatively  poor  performance  of  the  AK47. 

The  results  in  terms  of  rank  order  and  standard  scores  for  overall 
target  effects  and  overall  effectiveness  across  all  situations  are  presented 
in  the  following  tables. 

These  tables,  examined  in  connection  with  the  statistical  tables 
and  graphs  for  each  situation,  lead  to  the  conclusion  that  low  Impulse 
5.6mm  weapons  are  markedly  superior  to  high  impulse  7.62mm  weapons 
in  target  effects,  sustainability, -and  overall  effectiveness.  Mix  SC 
(seven  Stoner  rifles  and  two  Stoner  machineguns)  was  superior  in  target 
effects,  while  Mix  CB  (seven  Colt  rifles  and  two  Colt  machineguns)  was 
outstanding  in  overall  effectiveness.  However,  results  of  later 
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experlmcntition  (described  in  Part  B)  indicate  that  a  squad  equipped 
with  only  Colt  automatic  rifles  may  be  superior  to  any  of  the  mixes 
listed  in  the  tables  here. 


TARGET  EFFECTS  ONLY 


Rank  Order  by  Situation 


Rank 

Situation 

1 

2 

4 

5 

D 

8 

1 

SB 

CA 

SC 

SA 

CB 

SB 

2 

SA 

SC 

CA 

CB 

SC 

SC 

3 

UB 

UB 

SB 

SB 

SB 

CB 

4 

SC 

UA 

UA 

SC 

UA 

SA 

5 

CB 

CB 

RA 

UA 

CA 

CA 

6 

CA 

UD 

UB 

UD 

SA 

UB 

7 

UA 

SB 

CB 

UC 

RA 

UC 

8 

RA 

UC 

UD 

CA 

UB 

UA 

9 

UC 

SA 

SA 

UB 

UC 

RA 

10 

UD 

RA 

UC 

RA 

UD 

UD 

Rank  Order 

(All  Six  Situations  Combined) 

Rank 

Mix 

Std.  Score 

1 

SC 

63.35 

2 

CB 

63.26 

3 

SB 

60. 30 

4 

SA 

57. 79 

5 

CA 

53.70 

6 

UA 

'52. 16 

7 

UB 

46.61 

8 

UC 

41.33 

9 

UD 

34.93 

10 

RA 

29.88 

OVERALL  EFFECTIVENESS 


A 


Overall  Rank  Order* 

(All  Six  Situations  Combined) 

Rank 

Mix 

Std.  Score 

1 

CB 

67.70 

2 

CA 

63.27 

3 

SA 

59.47 

4 

SC 

58.41 

5 

SB 

58.23 

6 

UA 

52.38 

7 

UB 

45. 32 

8 

UC 

38.93 

9 

RA 

35.  12 

10 

UD 

33.93 

Rank  Order  by  Situation 

Rank 

Situation 

1 

2 

4 

5 

7* 

8 

1 

CB 

CA 

CA 

SA 

CB 

CB 

2 

SB 

CB 

UA 

CB 

CA 

SB 

3 

SA 

UA 

RA 

SB 

SC 

SC 

4 

UB 

SC 

SC 

SC 

SB 

SA 

5 

CA 

UB 

CB 

CA 

UA 

CA 

6 

SC 

UD 

SB 

UA 

SA 

UC 

7 

UA 

SA 

UB 

UD 

RA 

UB 

8 

RA 

SB 

SA 

UC 

UC 

UA 

9 

UD 

UC 

UC 

RA 

UB 

RA 

10 

UC 

RA 

UD 

UB 

UD 

UD 

A  Sustainability  wei^ted  1/3;  target  efifects  weighted  2/3 


*  Series  1  Integrated  Scores 

Key: 

UA  - 

9  M14  Rifles 

SB  -  7  Stoner  Rifles  and 

UD  - 

9  M14E2  Rifles 

2  Stoner  AR 

UB  - 

7  M14  Rifles  and 

2  M14E2  AR 

SC  >  7  Stoner  Rifles  and 
2  Stoner  MG 

UC  - 

5  M14  Rifles  and 

2  M60  MG 

CA  -  9  Colt  Rifles 

CB  -  7  Colt  Rifles  and 

SA  - 

9  Stoner  Rifles 

2  Colt  AR 

RC  - 

7  AK47  Rifles  and 

2  RPD  MG 

RA  -  9  AK47  Rifles 
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B.  SUPPLEMENTARY  RIFLE  SQUAD  EXPERIMENT 

Three  special  weapons  mixes  were  fired  in  addition  to  the  weapon 
mixes  already  descrilied.  These  mixes  were  MC  (seven  Colt  rifles 
and  two  Stoner  machlneguns),  CY(S)  (nine  Colt  automatic  rifles),  and 
CY(T)  (nine  Colt  rifles).  Three  control  mixes  were  fired:  MB  (seven 
Colt  rihes  and  two  Colt  automatic  rifles),  CX(T)  (nine  Colt  rifles),  and 
CX(S)  (nine  Colt  rifles).  The  (S)  and  (T)  denote  semiautomatic  and 
two-round  burst,  respectively.  The  effects  of  these  mixes  for  Situations 
1,  2,  4,  5,  7,  and  8  are  presented  in  Table  6-1. 

1.  MC  Versus  MB 

Analysis  of  the  table  shows  that  in  terms  of  both  target 
effects  and  sustainability  there  is  a  great  deal  of  variation  across  the 
six  rifle  situations.  Generally  speaking,  Mix  MC  is  better  in  target 
effects  in  three  of  the  six  situations,  although  never  by  a  tactically 
significant  amount.  In  the  other  three  situations.  Mix  MC  and  Mix  MB 
are  equal  in  target  effects.  In  three  of  the  six  situations,  however,  MB 
is  better  than  MC  in  sustainability,  while  in  two  situations  the  mixes  are 
equal.  Mix  MC  is  slightly  better  (4  percent)  in  the  remaining  situation— 
an  advantage  that  could  be  due  to  chance  factors.  Therefore,  it  is  con¬ 
cluded  that  there  are  no  tactically  significant  differences  in  overall 
effectiveness  between  Mix  MC  (seven  Colt  rifles  and  two  Stoner  machine- 
guns)  and  Mix  MB  (seven  Colt  rifles  and  two  Colt  automatic  rifles).  In 
effect,  as  both  mixes  had  seven  rifles,  it  can  be  concluded  that  two  Colt 
automatic  rifles  are  equivalent  to  two  Stoner  machineguns.  Note  that  in 
experimentation  results  for  the  September  1965  to  December  1965  experi¬ 
mentation,  it  was  concluded  that  the  Stoner  and  Colt  rifles  were  approxi¬ 
mately  equivalent  in  target  effects.  Also  the  scores  of  Mix  SC  (seven 
Stoner  rifles  and  two  Stoner  machineguns)  and  Mix  CB  (seven  Colt  rifles 
and  two  Colt  automatic  rifles),  when  totalled  for  all  six  situations,  were 
the  two  top  ranking  mixes  with  almost  identical  scores  in  overall  target 
effects:  64.5  and  62.8.  Thus  the  equivalence  of  Stoner  rifles  and  Colt 
rifles,  as  well  as  Colt  automatic  rifles  and  Stoner  machineguns,  becomes 
apparent.  When  sustainability  is  considered,  however,  a  mix  composed 
of  seven  Colt  rifles  and  two  Colt  automatic  rifles  becomes  clearly 
superior  in  overall  effectiveness. 

2.  CX  Versus  CY 

Results  show  that  Mix  CY  (nine  C^lt  automatic  rifles)  is 
superior  to  Mix  CX  (nine  Colt  rifles)  in  terms  of  target  effects  achieved. 
However,  this  increase  in  target  effects  is  traded  for  an  approximate 
11.5  percent  loss  in  sustainability  caused  by  the  increased  wei^t  of  the 
Colt  automatic  rifle.  Mix  CX  (nine  Colt  rifles)  is  superior  to  Mix  CY 
in  sustainability.  However,  the  Colt  automatic  rifle,  although  heavier  than 
the  Colt  rifle,  can  still,  within  its  17-pound  system  weight,  carry  265 
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Table  6-1 


EFFECTS  OF  SPECIAL  WEAPON  MIXES 


Mix 

CET 

(Minutes) 

Near 

Misses 

Sustainability 

Target 

Hits 

Total 

Hits 

Situation  1 

MC 

26.  35 

632.76 

56.75 

3.37 

3.49 

MB 

26.  82 

590.34 

64.43 

3.69 

3.  96 

CY{T) 

25.86 

593.81  . 

61.45 

4.06 

4.56 

CY(S) 

25.92 

571.39 

64.08 

5.64 

5.64 

CX(T) 

26.  84 

529.67 

68.86 

2.  28 

2.  28 

CX(S) 

25.50 

441.57 

71.  26 

4.  91 

5.43 

Situation  2 

MC 

82.20 

421.25 

31.25 

9.00 

9.20 

MB 

85.47 

420.25 

40.09 

8.  38 

8.54 

CY(T) 

85.19 

441.00 

38.86 

8.  25 

8.75 

CY(S) 

79.  93 

426.00 

38.62 

10.75 

10.75 

CX(T) 

86.  38 

405.75 

44.72 

7.75 

8.00 

CX(S) 

85.59 

364.25 

56. 13 

8.  25 

9.00 

Situation  4 

MC 

— 

76.54 

29.62 

45.88 

MB 

— 

78.08 

30.  50 

50.12 

CY(T) 

1.  91 

— 

73.01 

32.00 

52.75 

CY(S) 

1.  97 

— 

87.86 

32.25 

52.50 

CX(T) 

1.91 

— 

77.  85 

31.00 

46.75 

CX(S) 

1.82 

— 

90.61 

31.75 

45.75 

Table  6-1 

EFFECTS  OF  SPECIAL  WEAPON  MIXES  (Concluded) 


Mix 

CET 

(minutes) 

F?car 

Mis.ses 

Sustainability 

Target 

Hits 

Total 

Hits 

Situation  5 

MB 

32.  99 

257.50 

63.  78 

12.12 

13. 76 

MC 

35.48 

279.62 

58.  95 

10.  88 

11.42 

CY(T) 

38. 10 

268. 75 

34.68 

8.75 

10.  25 

CY(S) 

39.63 

256. 50 

35.51 

8.50 

8.50 

CX(T) 

38.52 

255.00 

49.  38 

8.50 

9.00 

CX(S) 

41.49 

184.00 

45.42 

6.25 

6.50 

Situation  7 

MC 

4.38 

— 

68.62 

52.50 

93.38 

MB 

4.  39 

-- 

64.82 

53.  50 

94.63 

CY(T) 

4.60 

— 

71.03 

50.25 

87.25 

CY(S) 

4.76 

-- 

84.75 

51.50 

83.  00 

CX(T) 

mm 

— 

75.61 

51.50 

80.  25 

CX(S) 

— 

85.18 

51.25 

78.25 

Situation  8 

MC 

5.47 

— 

55.41 

31.13 

55.  25 

MB 

5.58 

— 

54.45 

29.00 

48.  86 

CX(T) 

5.30 

— 

58.  57 

33.50 

59.75 

CX(S) 

4.69 

— 

55.57 

36.  25 

64.  25 

CY(T) 

4.  92 

-- 

57.55 

35.75 

65.50 

CY(S) 

4.  83 

— 

56.93 

34.50 

58.  00 

rounds  as  opposed  to  100  for  the  Ml 4,  180  for  the  Stoner  rifle,  and  300 
for  the  Colt  rifle.  The  additional  weight  of  the  barrel  is  equal  to  one 
full  30-round  magazine  plus  five  rounds.  Thus,  the  Colt  automatic  rifle 
although  able  to  carry  35  -rounds  less  ammunition  than  the  Colt  rifle, 
is  still  a  lighter  weapon,  and  can  carry  more  ammunition  than  any  of 
the  other  rifles  or  automatic  rifles.  The  heavier  barrel  also  allows 
the  weapon  to  sustain  Its  fire  longer  than  the  Colt  rifle  without  damage 
to  the  barrel. 

3.  MC  Versus  CY 

A  comparison  of  Mix  CY  (nine  Colt  automatic  rifles)  with  Mix 
MC  (seven  Colt  rifles  and  two  Stoner  machineguns)  shows  the  two  mixes 
are  approximately  equal  In  target  effects  but  that  Mix  CY  has  a  slight 
advantage  In  sustainability.  This  portion  of  the  experiment  therefore 
Indicated  that  the  most  feasible  weapon  mix  may  be  one  equipped  entirely 
with  Colt  automatic  rifles. 

In  all  identical  rifle  situations  during  the  entire  experiment,  mixes 
composed  of  nine  rifles  compared  favorably,  and  did  better  in  some 
cases,  with  mixes  composed  of  seven  rifles  and  two  machineguns. 
Furthermore,  when  the  scores  secured  by  seven-man  machlnegun  squads 
in  the  machlnegun  experiment  are  compared  to  the  scores  of  the  nine-man 
rifle  squads  in  corresponding  situations,  the  nine-man  rifle  squads  are 
found  generally  superior  to  the  machlnegun  squads  in  target  effects, 
sustainability,  and  overall  effectiveness.  Table  6-2  compares  the  scores 
for  the  top  ranking  rifle  squad  mixes  and  the  scores  representing  the 
average  of  all  rifle  squad  mixes  for  each  measure  of  each  situation  with 
the  scores  for  the  top  ranking  machlnegun  squad  for  each  measure  of 
each  situation.  Also  given  are  the  scores  of  the  squad  mix  equipped 
entirely  with  Colt  automatic  rifles  in  their  best  mode  of  fire.  The  scores 
for  the  machlnegun  squads  mix  and  the  mix  composed  of  Colt  automatic 
rifles  are  inflated  because  some  of  their  members  had  previously  fired 
in  the  various  situations  in  the  original  rifle  squad  experiment. 

These  factors  lead  to  the  hypothesis  that  seven  riflemen  should  be 
more  effective  than  a  seven-man  machlnegun  squad  (two  guns  with  a 
squad  leader,  two  gunners,  two  assistant  gunners,  two  ammunition 
bearers) .  It  does  not  seem  unreasonable  then  to  hypothesize  the  elimina¬ 
tion  of  all  small  arms  weapons  but  one.  Squads  equipped  only  with  Colt 
automatic  rifles  might  then  replace  all  machlnegun  squads  and  all  squads 
using  both  rifles  and  automatic  rifles. 

Further,  it  is  judged  that  the  increased  target  effects  of  Colt  auto¬ 
matic  rifles  over  the  rifle  are  due  to  the  additional  stability  offered  by 
the  heavier  barrel.  If  this  is  so,  the  newly  developed  XM148  grenade 
launcher  attachment  for  use  on  the  Colt  rifle  should  provide  the  extra 
weight  necessary  to  achieve  a  stability  for  the  Colt  rifle  comparable  to 
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Table  6-2  COMPARATIVE  SCORES  OF  SPECIAL  WEAPOK  MIXES 


Mix 

CET 

(Minutes) 

Near 

Misses 

Sustainability 

Target 

Hits 

— 

Total 

Hits 

(Rifle  Situation  1  - 

No  Comparable  Machinegun  Situations) 

j  Rifle  Situation  2  -  Machinegun  Situation  3 

Top  MG  Mix 

273.8 

41.8 

6.8 

7.8 

Top  Rifle  Mix 

345.0 

50.5 

10.7 

12.6 

Average  All 
Rifle  Squad 
Mixes 

80.9 

283.7 

23.8 

9.1 

9.6 

All  Colt  AR 

Mix 

79.9 

426.0 

38.6 

10.8 

10.8 

(Rifle  Situation  4 

-  No  Comparable  Machinegun  Situation) 

Rifle  Situation  5  -  Machinegun  Situation  SA 

Top  MG  Mix 

40.0 

198.5 

69.3 

7.9 

8.3 

Top  Rifle  Mix 

38.6 

207.3 

84.8 

8.9 

10.2 

Average  All 
Rifle  Squad 
Mixes 

40.6 

141.5 

63.1 

6.5 

6.9 

All  Colt  AR 

Mix 

38.1 

268.  8 

34.7 

8.8 

10.3 

(Machinegun  Situation  G  -  No  Comparable  Rifle  Situations) 


Rifle  Situation  7  -  Machinegun  Situation  9 


Top  MG  Mix 

— 

79.9 

43.0 

67.0 

Top  Rifle  Mix 
Average  All 

m 

“ 

94.8 

56.0 

90.5 

Rifle  Squad 
Mixes 

5.6 

69,1 

50.5 

76.7 

All  Colt  AR  Mix* 

4.60 

— 

71.0 

50.3 

87.3 

*  NOTE:  Colt  automatic  rifle  scores  in  this  table  are  based  on  automatic 
fire.  The  best  rifle  mix  in  CET  (4.1  min)  in  this  situation  was  Mix  CB 
(seven  Colt  rifles  and  two  Colt  automatic  rifles)  when  the  rifles  were 
firing  semiautomatic  fire.  In  Series  1,  when  the  same  mix  CB  fired 
automatic  fire,  the  CET  was  an  unsatisfactory  5. 98  minutes.  If  the 
Colt  automatic  rifle  squads  had  fired  semiautomatic,  their  expected 
score  would  have  been  less  than  4  minutes,  which  is  superior  to  all 
other  mixes. 
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that  of  the  Colt  automatic  rifle.  The  only  disadvantage  would  be  a 
shorter  barrel  life  during  sustained  fire  because  of  the  rifle's  lighter 
barrel.  Thus,  providing  the  Colt  rifle  with  a  SPIW-type  dual  "area 
flre-polnt  fire"  capability  may,  at  the  same  time,  provide  the  extremely 
desirable  additional  effect  of  providing  added  stability  and  better  point 
fire  target  effects  commensurate  with  those  of  the  Colt  automatic  rifle 
and  Stoner  machlnegun. 

These  fire  effectiveness  results  and  hypotheses  warrant  further 
testing.  If  these  hypotheses  are  valid,  their  implications  would  be 
revolutionary.  The  cost  effectiveness  and  associated  logistic  advantages 
of  one  weapon  to  replace  the  present  rifle,  automatic  rifle,  grenade 
launcher,  and  machlnegun,  are  unquestionable. 

Such  a  choice  becomes  more  imperative  if  the  one  weapon,  for 
example,  Colt  rifle  with  XM148  grenade  launcher  attachment)  suggested 
to  replace  all  other  weapons  has  a  proven  fire  superiority  in  every  role 
over  each  of  the  weapons  that  it  is  proposed  to  replace>-rlfle,  automatic 
rifle,  machlnegun,  and  M79  grenade  launcher. 

Within  the  current  weapons  inventory,  the  choice  therefore,  seems  to 
become  one  of  choosing  among: 

1)  A  squad  equipped  entirely  with  Colt  automatic  rifles 

2)  A  squad  equipped  entirely  with  Colt  rifles  with 
XM148  grenade  launchers 

3)  A  squad  equipped  with  a  combination  of  Colt 
automatic  rifles  and  separate  grenade  launchers 
(such  as  the  M79) 

The  answer  can  come  only  through  additional  fire  effectiveness  experi¬ 
mentation.  It  should  be  dealt  with  in  the  IRUS  study. 
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C.  MACHINEGUN  SQUAD  EXPERIMENT 


1.  Situation  3:  Mnchtnegun  Squad  In  Fire  Support  of  the  Assault 

This  situation  evaluated  machlneRun  squad  weapon  mixes  firing 
supporting  fire  from  hastily  prepared  foxholes  at  partially  concealed  and 
unconcealed  targets  in  foxholes  at  a  range  of  269  to  326  meters.  Machine- 
guns  of  the  squad  were  positioned  25  meters  apart  uxl  fired  at  the  same 
target  array  as  in  Situation  2. 

Mixes  firing  in  Situation  3  were  UF  (M60  tripod,  T&E),  UE  (M60 
bipod),  SF  (Stoner  tripod  T&E),  SE  (Stoner  bipod),  RF  (Soviet  DPM  bipod), 
and  RE  (Soviet  RPD  blfxxi).  TTie  first  five  mixes  were  fired  before  Mix  RE, 
which  was  not  available  at  the  time.  Mix  RF  did  not  fire  tracer  ammunition 
the  first  time,  and  was  fired  again  with  tracer  with  the  RE  mix.  Stoner 
Mixes  SE  and  SF  are  not  directly  comparable  to  the  other  three  mixes 
because  of  excessive  misfires  caused  primarily  by  faulty  ammunition 
(see  Table  5-1). 

Results  for  Situation  3  appear  below,  the  first  five  squad  firings  first, 
followed  by  the  later  RE  and  RF  firings. 


Mix 

GET 

Near 

Misses 

Percent  Ammuni¬ 
tion  Remaining 

Targets 

Hit 

Total 

Hits 

UF 

87.79 

273.8 

41.8 

6.8 

7.8 

UE 

92.58 

246.3 

51.2 

4.2 

5.0 

SF 

94.09 

139.3 

84.7 

3.4 

4.0 

SE 

95.38 

99.2 

88.3 

3.0 

3.1 

RF 

96.03 

109.2 

70.5 

3.3 

3.8 

Mix 

GET 

Near 

Misses 

Percent  Ammuni¬ 
tion  Remaining 

Targets 

Hit 

Total 

Hits 

RE 

92.87 

51.2 

5.8 

6.0 

RF 

99.06 

mm 

64.0 

3.0 

3.3 

2.  Situation  5A:  Machlnegun  Squad  as  a  Base  of  Fire  Supporting  the 
Advance  (375  to  560  meters) 

Machinegun  squad  mixes  fired  on  two  arrays  of  enemy  targets 
from  unprepared  firing  positions.  Duration  of  fire  was  4  minutes,  with 
the  first  2  minutes  directed  toward  an  array  of  14  targets  occupying  an 
area  60  meters  wide  and  42  meters  deep.  The  range  from  firers  to 
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targets  was  379  to  445  meters.  The  second  2  minutes  of  fire  was  delivered 
against  an  array  of  13  targets  occupying  an  area  45  meters  wide  and  62 
meters  deep,  at  ranges  of  477  to  560  meters.  The  technique  of  fire  em- 
plo>’od  was  distributi^  fire  throughout  the  sector,  with  point  fire  used 
when  targets  were  seen  or  when  weapon  simulators  gave  specific  cues 
to  a  target  location.  All  firers  had  previously  fired  on  these  same  arrays 
but  from  different  positions.  A  summary  of  data  is  presented  below. 


Mix 

CET 

Near 

Misses 

Percent  Ammui’I- 
tion  Remaining 

Targets 

Hit 

Total 

Hits 

’LT 

40.03 

198.5 

69.29 

7.92 

8.30 

UE 

41.98 

189.3 

72.18 

5.83 

5.83 

RE 

42.25 

120.0 

89.52 

5.10 

6.10 

SE 

42.98 

89.0 

93.88 

4.60 

5.20 

SF 

44.13 

107.3 

91.80 

3.17 

3.67 

RF 

45.01 

63.0 

85.25 

2.12 

2.12 

3.  Situation  6;  Machinegun  Squad  in  Fire  Support  of  the  Advance 
(446  to  753  meters) 

This  situation  evaluated  machinegun  squad  weapon  mixes 
against  40  targets  with  a  programmed  total  target  exposure  time  of 
66.380  minutes.  The  targets  were  divided  into  three  target  arrays,  X, 
Y,  and  Z.  Ranges  for  Array  Xwere  from  603  to  646  meters,  for 
Array  Y  from  690  to  753  meters,  and  Array  Z  from  446  to  488  meters. 
The  programmed  total  target  exposure  time  for  Array  Xwas  22.256 
minutes  (see  Table  B-21). 

The  machlneguns  firing  Situation  6  were  the  same  as  those  fired  in 
Situation  3.  Note  that  the  Stoner  machlneguns  had  excessive  stoppages 
(see  Table  5-1)  caused  by  faulty  ammunition,  and  are  therefore  not 
Erectly  comparable  to  the  other  mixes.  Because  of  different  firing  con¬ 
ditions,  the  Soviet  mixes  (RE  and  RF)  are  also  not  directly  comparable 
to  the  other  machinegun  mixes. 


Mix 

CET 

Near 

Misses 

Percent  Ammuni¬ 
tion  Remaining 

Targets 

Hit 

Total 

Hits 

UF 

56.48 

308.16 

65.47 

12.17 

13.83 

SF 

63.07 

183.17 

89.86 

6.00 

7.00 

UE 

63.59 

228.00 

78.49 

6.00 

7.00 

RE 

64.49 

133.20 

93.41 

6.40 

6.80 

SE 

66.78 

100.67 

94.85 

4.33 

4.83 

RF 

68.82 

50.75 

82.61 

2.25 

1.26 
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4.  Situation  9;  Machinpgun  Squad  in  Defense  Against  Attack 

This  situation  evaluated  the  machinegun  squad  and  mixes  firing 
from  hastily  prepared  foxholes  at  visible  targets  advancing  from  345  to 
45  meters.  There  were  50  targets,  some  of  them  appearing  more  than 
once.  Their  programmed  total  target  exposure  time  was  15.976  minutes 
(see  Table  B-22  and  Range  B  Sketch  Map,  Annex  B.) 


Mix 

GET 

Near 

Misses 

Percent  Ammuni¬ 
tion  Remaining 

Targets 

Hits 

Total 

Hits 

UF 

— 

79.92 

43.08 

66.98 

RF 

8.59 

— 

82. 33 

40.37 

57.23 

SF 

8.81 

— 

90.86 

39.65 

68.27 

SE 

8.94 

— 

95.24 

38.92 

59.78 

UE 

9.13 

— 

88.10 

39.45 

65.05 

Mix 

GET 

Near 

Misses 

Percent  Ammuni¬ 
tion  Remaining 

Targets 

Hit 

Total 

Hits 

RE 

9.37 

-- 

87.87 

35.40 

RF* 

9.96 

— 

80.98 

34.50 

♦  Second  series  for  Mix  RF 
5.  Discussion 

The  M60  tripod  mounted  machinegun  mix  was  consistently  better 
than  the  M60  bipod  mounted  mix.  The  poor  performance  of  the  Stoner 
machinegun  mixes,  particularly  in  sustained  fire  (Situations  3  and  6), 
was  caused  by  a  high  rate  of  misfires.  The  Stoner  machinegun  fired 
20  percent  less  ammunition  than  the  M60  although  it  has  a  hi^er  rate 
of  field  fire.  (See  Section  V,  Materiel  Reliability.)  Gunners  often  had 
to  recharge  the  Stoner  weapons.  This  necessitated  relaying  and  pre¬ 
vented  effective  adjustment  of  fire. 

The  Stoner  machineguns  did  better  in  the  day  defense  situation  than  in 
the  other  two  situations.  They  ranked  third  and  fourth  behind  the  tripod 
mounted  M60  and  Soviet  DPM  and  ahead  of  the  bipod  mounted  M60  in 
GET.  This  situation,  because  it  did  not  emphasize  sustained  fire,  made 
fewer  demands  on  mechanical  reliability  than  did  the  base  of  fire  situa¬ 
tions.  There  were  intervals  between  target  appearances  that  sometimes 
allowed  stoppages  to  be  cleared,  but  firing  time  was  still  lost. 
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For  these  reasons,  and  because  of  a  difference  In  time  frame  f 
the  firing  of  the  Soviet  weapons,  the  experimentation  results  provide  no 
basis  for  directly  evaluating  any  of  the  experimentation  machlnegun 
types  against  one  another  In  the  machlnegun  role. 


:1 
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SECTION  vn 


DUPLEX  AMMUNITION  EXPERIMENT 

A.  RIFLE  DUPLEX  AMMUNITION  EXPERIMENT 

The  US  7.62nini  M14  rifle  squad  mixes  (UA  and  UB)  were  fired  in 
December  1965  and  January  1966  in  an  experiment  designed  to  compare 
the  effectiveness  of  duplex  ball  ammunition  and  simplex  ball  ammu^tion 
for  rifles. 

Because  the  squads  had  already  fired  each  situation  during  the  earlier 
rifle  experiment,  they  were  generally  familiar  with  the  ranges;  conse¬ 
quently,  the  duplex  scores  could  not  be  compared  directly  with  the  earlier 
scores  of  the  other  5.56mm  and  7.62mm  rifle  mixes. 

To  allow  an  adjustment  whereby  the  effects  of  squads  firing  duplex 
ammunition  could  be  directly  compared  with  other  mixes.  Mixes  UA 
(nine  M14  rifles)  and  UB  (seven  M14  rifles  and  two  M14E2  automatic 
rifles)  were  divided.  Three  squads  of  each  mix  fired  the  duplex  experi¬ 
ment,  while  a  control  group  fired  ball  ammunition  and  the  other  three 
squads  fired  duplex  ammunition.  In  both  the  duplex  and  ball  ammunition 
squads,  the  firers  in  the  two  automatic  rifle  foj^oles  fired  tracer  and 
ball  ammunition  in  the  same  modes  of  fire  as  in  Series  1.  Thus,  the 
ammunition  and  firing  modes  for  the  two  automatic  rifle  position  remained 
constant  for  both  duplex  and  ball  ammunition  squads  for  Itoth  mixes.  Con¬ 
sequently,  any  differences  in  fire  effectiveness  can  be  attributed  to  the 
effects  of  the  ball  ammunition  or  duplex  ammunition  being  used  by  the 
riflemen  in  the  seven  positions  other  than  the  automatic  rifle  positions 
(2  and  8  in  Situation  1;  3  and  7  in  Situations  2,  4,  and  5;  4  and  7  in  Situa¬ 
tions  7  and  8). 

By  the  use  of  control  groups  firing  ball  ammunition,  the  increase  in 
scores  as  a  result  of  learning  and  similar  effects  could  be  computed. 

Thus,  the  percentage  of  the  increase  in  scores  of  squads  firing  duplex  that 
was  due  to  learning  and  the  percentage  that  was  due  to  duplex  ammunition 
could  be  determined.  These  figures  were  then  used  to  compute  the  score 
for  the  UA  and  UB  mixes  that  would  have  been  expected  had  the  mixes 
fired  duplex  ammunition  instead  of  ball  ammunition  their  first  time  in 
each  situation  (Series  1).  These  adjusted  scores  ("expected"  duplex 
scores)  are  directly  comparable  with  the  scores  of  other  rifle  mixes  In 
the  original  rifle  squad  experiment. 

The  results  are  presented  in  two  tables.  Table  7-1  shows  the  raw 
scores  of  the  duplex  squads  compared  with  the  control  squads  firing  ball 
ammunition  for  each  of  the  six  rifle  squad  situations.  Probability 
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Table  7-1 

RAW  SCORE  RESULTS 
(Rifle  Duplex  Experiment) 


Effectiveness 

Measures 

IXiplex 

Ball 

t 

P 

X 

SD 

X 

SD 

Situation  1  -  Rifle  Squad  In  Line  Assault 

CET  (min.) 

21.66 

2.06 

21.52 

3.27 

0.090 

>0.400 

Near  Misses 

680.00 

44.20 

399.83 

71.25 

8.186 

<  .001 

Sustainability 

65.10 

5.64 

61.42 

5.60 

1.135 

.142 

Targets  Hit 

7.31 

2.81 

7.66 

2.26 

0.239 

>  .400 

Total  Hits 

8.33 

2.69 

8.46 

2.44 

0.090 

>  .400 

Situation  2 

-  Rifle  Squad  as  Base  of  Fire  Supporting  the  Assault 

CET  (min.) 

74.03 

8.64 

80.50 

6.27 

1.372 

.103 

Near  Misses 

412.20 

93.29 

308.00 

44.33 

2.470 

.018 

Sustainability 

14.57 

8.64 

15.58 

5.47 

0.226 

>  .400 

Targets  Hit 

13.50 

3.39 

11.25 

2.22 

1.269 

.124 

Total  Hits 

15.17 

3.76 

12.00 

2.94 

1.488 

.090 

Situation  4 

-  Rifle  Squad  in  Approach  to  Contact 

CET  (min.) 

1.78 

0.054 

1.87 

0.26 

0.827 

.216 

Near  Misses 

— 

“ 

— 

— 

— 

— 

Sustainability 

59.05 

9.87 

69.58 

7.43 

2.088 

.034 

Targets  Hit 

31.83 

2.48 

32.17 

3.06 

0.211 

>  .40 

Total  Hits 

78.67 

8.31 

48.50 

11.15 

5.314 

<  0.001 

i 


Table  7-1 

RAW  SCORE  RESULTS 
(Rifle  Duplex  Experiment)  (Concluded) 


Effectiveness 

Measures 

Duplex 

Ball 

4 

P 

X 

SD 

X 

SD 

Situation  5  -  Rifle  Squad  aa  Base  of  Fire  Supporting  the  Advance 

GET  (min.) 

37.88 

3.99 

39.14 

4.61 

0.506 

0.313 

Near  Misses 

229.33 

76.15 

138.33 

67.75 

2.187 

.027 

Sustainability 

46.83 

9.03 

52.37 

6.20 

1.239 

.124 

Targets  Hit 

7.33 

2.25 

7.67 

2.66 

0.239 

>.400 

Total  Hits 

9.50 

4.09 

8.17 

3.19 

0.628 

.273 

Situation  7  -  Rifle  Squad  in  Defense  Against  Attack 

GET  (min,) 

4.35 

mm 

4.40 

1,1 

0.12 

>.40 

Near  Misses 

— 

H 

— 

— 

— 

— 

Sustainability 

43.2 

D 

50.5 

12.5 

1.21 

.12 

Targets  Hit 

53.0 

52.7 

2.3 

0.29 

.39 

Total  Hits 

114.3 

10.4 

91.1 

11.5 

4.49 

.0005 

Situation  8  -  Rifle  Squad  in  Ni^t  Defense 

CET  (min.) 

6.33 

0.3 

6.78 

0.2 

3.7 

.002 

Near  Misms 

— 

— 

— 

— 

— 

Sustainability 

19.4 

3.5 

27.1 

12.5 

1.8 

.04 

Targets  Hit 

17.6 

3.4 

17.0 

2.9 

0.4 

.35 

Total  Hits 

39.0 

12.3 

30.9 

7.9 

1.7 

0.07 

valur«»  (]i)  havr  b«  rn  compulrd,  uslnt;  a  twf>- sample  l-statlFtlc  (foc  Srctlon 
III,  pagf  3-3,  for  an  explanation  of  probability  valuts). 

Tai)lc  7-2  phow:.  *'10  fxpoct*'<l  duplex  scores.  These  are  the  scores 
that  would  have  t>een  expected  if  the  rifle  squads  had  fired  duple  ;  Instead 
of  ball  ammunition  in  this  first  firini;  of  the  various  situations.  Tbe  first 
firing  scores  were  adjusted  by  applying  mathematical  corrections  derived 
from  the  first  firing  scores  of  the  original  rifle  squad  experiment  and  the 
duplex  experiment  firing  scores  of  all  six  squads  of  each  mix.  The  scores 
are  directly  comparable  and  represent  the  contributions  of  all  six  squads 
of  each  mix.  The  scores  in  each  case  represent  the  average  score  of 
Mix  UA  and  UB  combined. 

Duplex  ammunition  provides  an  advantage  in  near  misses  in  the 
assault  (125  to  15  meters).  An  advantage  would  then  also  be  expected  to 
accrue  on  the  number  of  concealed  undetected  targets  hit;  however,  in 
terms  of  hits  and  total  number  of  hits  on  detected  targets,  there  is  no 
improvement  evident  as  a  result  of  firing  duplex  in  the  assault  situation 
(Fig’ures  7-1  and  7-2). 

In  the  approach  to  contact  situation  (Pointing  Fire,  15  to  163  meters), 
there  are  no  tactically  significant  differences  between  duplex  and  ball  am¬ 
munition,  except  for  the  total  number  of  hits  on  targets  that  were  hit.  No 
more  targets  were  hit  by  using  duplex,  but  when  a  target  was  hit  by  a  squad 
using  duplex,  it  was  hit  with  an  average  of  2.5  to  3  bullets  (Figure  7-3). 

In  the  longer  range  supporting  fire  of  Situation  5  (390  to  545  meters), 
duplex  ammunition  provided  a  significant  increase  in  the  number  of  near 
misses  and  possibly  a  small  Increase  in  the  total  number  of  hits  on  targets 
that  were  hit.  There  was  no  increase  in  the  number  of  targets  hit.  How¬ 
ever,  in  the  shorter  range  supporting  fires  of  Situation  2  (300  meters),  du- 
piex  ammunition  resulted  in  increases  in  all  target  effects  (GET,  hear  misses, 
number  of  targets  hit,  and  total  number  of  hits)  (Figures  7-4  through  7-7). 

In  Situations  7  and  8,  aimed  fire  against  visible  point  targets  (45  to 
320  meters),  duplex  ammunition  provided  a  clear  superiority  in  the  total 
number  of  hits  on  targets  that  were  hit.  Although  a  small  numerical  ad¬ 
vantage  in  the  number  of  targets  hit  accrued  in  this  situation,  the  large 
variability  in  squad  scores  indicates  this  difference  is  the  result  of  chance 
variations  (Table  7-1).  See  Figures  7-8  and  7-9  for  cumulative  exposure 
time  by  range  and  target. 

In  five  of  the  six  rifle  situations,  the  number  of  rounds  fired  by  the 
squads  using  duplex  ammunition  was  greater  than  for  the  squads  using  ball 
ammunition.  The  reason  cannot  be  explained.  Since  both  groups  had 
equal  experience  on  the  range,  equal  training,  and  equal  weapons,  it  was 
hiTJothesized  that  both  would  fire  the  same  amount  of  ammunition.  This 
result  merits  further  investigations. 
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Table  7-2 

EXPECTED  DUPLEX  SCORE 
(Rifle  Duplex  Experiment) 


Effectiveness  Measures 

Original  Ball  Ammunition 
Score  (UA  and  UB) 

Expected 
Duplex  Score 

Situation  1  -  Rifle  Squad  in  Line  Assault 

CET  (min.) 

24.8 

26.3 

Near  Misses 

314.2 

448.0 

Sustainability 

46.4 

59.7 

Targets  Hit 

4.5 

3.8 

Total  Hits 

4.6 

4.0 

Situation  2  -  Rifle  Squad  as  Base  of  Fire  Supporting  the  Assault 

CET  (min.) 

78.8 

72.4 

Near  Misses 

285.5 

382.6 

Sustainability 

16.2 

17.0 

Targets  Hit 

10.4 

14.2 

Total  Hits 

11.5 

18.1 

Situation  4  • 

Rifle  Squad  in  Approach  to  Contact 

CET  (min.) 

2.05 

2.01 

Near  Misses 

— 

— 

Sustainability 

75.2 

62.1 

Targets  Hit 

30.4 

27.9 

Total  Hits 

47.1  -  - 

83.1 

Table  7-2 


EXPECTED  DUPLEX  SCORE 
(Rifle  Duplex  Experiment)  (Concluded) 


Effectiveness  Measures 

Original  Ball  Ammunition 
Score  (UA  and  UB) 

Expected 
Duplex  Score 

Situation  5  -  Rifle  Squad  as  Base  of  Fire  Supporting  the  Advance 

CET  (min.) 

41.4 

41.0 

Near  Misses 

118.3 

179.7 

Sustainability 

57.4 

51.0 

Targets  Hit 

5.7 

6.7 

Total  Hits 

5.7 

6.7 

Situation  7  -  Rifle  Squad  in  Defense  Against  Attack 

CET  (min.) 

5.9 

5.6 

Near  Misses 

— 

— 

Sustainability 

61.3 

51.3 

Targets  Hit 

48.3 

48.6 

Total  Hits 

71.3 

96.3 

Situation  8  -  Rifle  Squad  in  Night  Defense 

CET  (min.) 

6.8 

6.4 

Near  Misses 

“ 

— 

Sustainability 

44.9 

36.3 

Targets  Hit 

20.6 

20.8 

Total  Hits 

25.6 

30.9 

-6 
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Figure  7-1 

CUMULATIVE  NUMBER  OF  TARGETS  HIT— SITUATION  1 
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Figure  7-2 

NUMBER  AND  DISTRIBUTION  OF  NEAR  MISSES— 
SITUATION  1 
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Figure  7-3 

CUMULATIVE  NUMBEK  OF  TARGETS  HIT —SITUATION  2 
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Figure  7-5 

CUMULATIVE  NUMBER  OF  TARGETS  HTT—SITUATION  4 
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Figure  7-6 

CUMULATIVE  NUMBER  OF  TARGETS  HTT—SITUATION  5 
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It  would  be  expected  that  as  more  duplex  rounds  were  fired,  an 
increase  in  target  effects  would  be  achieved,  even  if  duplex  had  not  been 
used.  This  could  have  been  expected  as  a  result  of  the  greater  number  of 
rounds  fired;  however,  although  that  might  have  accounted  for  the  increases 
in  the  number  of  targets  hit  and  the  lower  CETs,  it  was  not  great  enough 
to  account  for  the  consistent  superiority  in  both  number  of  near  misses 
and  the  total  number  of  hits  per  target. 

The  use  of  duplex  ammunition  cannot  be  considered  detrimental  when 
used  with  the  rifle  in  any  situation  at  ranges  between  15  and  545  meters. 
Moreover,  duplex  provided  marked  advantages  under  some  circumstances, 
particularly  in  the  area  of  number  of  near  misses  as  an  index  of  suppres-* 
sive  effect  and  distribution  of  fire .  Within  the  framework  of  the 
USACDCEC  experiment,  it  is  concluded  that  duplex  ammunition  does  not 
significantly  decrease  effectiveness  under  any  circumstances,  and  under 
some  circumstances,  it  increases  effectiveness. 

In  Table  7-3,  the  expected  duplex  scores  for  the  M14  rifle  squads 
(UA  and  UB)  are  compared  to  the  top  ranking  mix  in  each  of  the  six  rifle 
situations.  The  better  score  in  each  case  is  indicated  by  an  asterisk. 

The  concept  of  duplex  ammunition  applies  equally  to  both  7.62mm  and 
5.56mm  ammunition.  The  increase  in  target  effects  achieved  wltli  7.62mm 
duplex  ammunition  cannot  be  interpreted  as  a  rationale  for  a  choice  of 
7.62mm  weapons  over  5.56mm.  Any  advantages  accruing  to  7.62mm 
weapons  from  the  use  of  duplex  must  also  be  attributed  to  S.S6mm  weap¬ 
ons  with  duplex.  Although  not  specifically  tested  in  the  experiment, 

5.56nun  duplex  ammunition  has  been  satisfactorily  produced  and  tested 
in  earlier  laboratory  and  field  experimentation  by  the  Operations  Research 
Office. '  This  ammunition  weighs  only  about  half  that  of  7.62mm  duplex 
ammunition.  Because  current  5.56mm  weapons  are  also  lighter  than 
7.62mm  weapons,  an  additional  weight  advantage  is  obtained.  This  com¬ 
bined  weight  advantage  allows  the  soldier,  to  carry  up  to  three  times  as 
much  5.56mm  ball  ammunition  as  7.62mm  duplex  ammunition  for  tne 
same  rifle  system  weight  (Colt  rifle  versus  M14). 

Analysis  shows  that  although  the  effects  per  round  of  ammunition  are 
greater  for  7.62mm  duplex  than  for  5.56mm  ball  ammunition  under  cer¬ 
tain  circumstances,  the  effects  per  pound  of  ammunition  are  always 
significantly  greater  for  5. 56mm  ball  than  for  7. 62mm  duplex.  Although 
duplex  ammunition  provided  some  advantages,  greater  advantages  are 
considered  possible,  for  it  is  believed  that  the  duplex  ammunition  pro¬ 
vided  to  USACDCEC  did  not  meet  all  military  ammunition  requirement 
standards  and  that  better  quality  control  could  have  been  exercised. 


'  Operations  Research  Office,  SALVO  II  Rifle  Experiment  Preliminary 
Results  (U),  Johns  Hopkins  University,  March  1958.  CONFIDENTIAL 
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Tat)lf  7-3 


KXI’l  CTKn  niTLl'-X  SCOHKS  COMPARED  WITH 
TOP  HANKED  RIFLE  MIXES 
(Rifle  Duplex  Experiment) 


j  Effectiveness 

1  Measures 

Best  Mix  and  Raw 
Score  (first  firing) 

UA  Expected 
Duplex  Score 

UB  Expected 
Duplex  Score 

Situation  1  -  Rifle  Stjuad  in  Live  Assault 

CET  (min.) 

UP 

27.0 

25.6 

Near  Misses 

SC 

438.0 

458.0 

Sustain.al)ility 

CA 

72.2* 

61.2 

58.2 

Targets  Hit 

UB 

5.1* 

3.4 

4,4 

Total  Hits 

SB 

5.2* 

- —  -  J 

3.5 

4,5 

Situation 

2  -  Rifle  Squad  as  Base  of  Fire  Supporting  the  Assault 

CET  (min.) 

UA 

77.5 

72.0* 

72,8 

Near  Misses 

CB 

.'145.0 

345,0 

420.2* 

Sustainability 

CA 

50.5* 

23.0 

13.0 

Targets  Hit 

i;.\ 

10.7 

14.4* 

14.0 

Total  Hits 

UA 

12.6 

19.8* 

16.4 

Situation  4  -  Rifle  Squad  in  Approach  to  Contact 

1 _ ^ _ _ _ _ _ _ _ 

CET  (min.) 

SC 

1.95* 

1.99 

2.03 

Near  Misses 

-- 

-- 

— 

.'Sustainability 

CB 

SO. 8* 

65.1 

59.1 

Targets  Hit 

SC 

30.8* 

27.5 

28.3 

Total  Hits 

SC 

53.  8 

87.1* 

79.1 

*  Better  score 

Note:  ARhoii>;h  Mix  UB  was  in  first  place  in  Situation  1  in  CET  and 
Targets  Hit  when  usinp  ball  ammunition,  its  expected  duplex 
scores  result  in  a  drop  to  7th  and  4th  place,  respectively. 
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Table  7-3 


EXPECTED  DUPLEX  SCORES  COMPARED  WITH 
TOP  RANKED  RIFLE  MDCES 
(Rifle  Duplex  Experiment)  (Concluded) 


Effectl^•ene88 

Measures 

Best  Mix  and  Raw 
Score  (first  firing) 

UA  Expected 
Duplex  Score 

UB  Expected 
Duplex  Score 

Situation  5  -  Rifle  Squad  as  Base  of  Fire  Supporting  the  Advance 

CET  (min.) 

CB 

38.6* 

40.0 

42.0 

Near  Misses 

SA 

207.3 

207.5* 

151.  9 

Sustainability 

CA 

84.8* 

52.5 

49.5 

Targets  Hit 

SA 

8,9* 

7.6 

5.8 

Total  Hits 

SA 

10.2* 

7.6 

5.8 

Situation  7 

-  Rifle  Squad  in  Defense  Against  Attack 

CET  (min.) 

CB 

4.15* 

6.2 

Near  Misses 

— 

— 

— 

**** 

Sustainability 

CB 

94.8* 

61.5 

41.1 

Targets  Hit 

SB 

56.0* 

49.0 

48.2 

Total  Hits 

CB 

90.5 

92.0 

100.6* 

Situation  8  -  Rifle  Squad  in  Night  Defense 

CET  (min.) 

SB 

mm 

6.4 

6.0 

Near  Misses 

— 

— 

— 

— 

Sustainability 

CB 

69.4* 

35.3 

37.3 

Targets  Hit 

CB 

25.5* 

18.3 

22.3 

Total  Hits 

SC 

38.0* 

29.0 

32.8 
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Further  immefli.ite  exiK'rlmenfaUon  with  (lui)lex  ammunition,  particularly 
5.r)(imm,  is  considi’red  necessary. 

n.  AUTOMATIC  itIFI.E  DUPI.FA'  AMMUNITION  IIXI’ERIMENT 

Mix  UD  (nine  M14E2  rifles)  was  also  fired  in  the  duplex  experiment. 
Three  squarls  of  the  mix  fired  duplex  ammunition  and  the  other  three  fired 
ball  as  a  control.  All  weaiKins  fired  two-round  bursts,  and  the  weapons 
in  the  automatic  rifle  |)o.sitions  (2  and  H  in  Situation  1;  3  and  7  in  Situations 
2,  -4  and  .a;  i  and  7  in  Situations  7  and  8)  fired  a  mixture  of  half  tracer  and 
half  hall  ammunition  in  both  the  duplex  squads  and  control  squads. 

Results,  presented  in  the  same  format  as  for  the  rifle  duplex  experiment, 
are  Riven  in  tables  for  raw  scores  and  exi>ected  scores  (Tables  7-4  and  7-5) 

Duplex  provided  a  markt**!  advantage  in  the  assault  and  approach  to 
contact  —  (the  two  movinR  situations  when  the  weafx)n  was  fired  in  shoulder 
pointed  unaimed  fire).  In  Sihiation  7  (aimed  fire  at  point  targets  )  duplex 
pro\1ded  a  tacticallv  significant  increase  in  the  number  of  hits  on  targets 
that  were  hit.  Although  duplex  provided  an  advantage  in  some  situations, 
the  numerical  rc.sults  of  the  firing  in  other  situations  (for  example,  Situ¬ 
ation  .5)  indicated  that  hall  ammunition  i.s  suf/crior  in  automatic  fire  at 
longer  ranges.  Ihc  sample  .size,  however,  was  small  (three  squads  per 
grou])),  and  the  varialiility  of  performance  great.  These  differences  may 
have  occurred  as  the  result  of  such  chance  factors  as  weather  (Figures 
7-10  through  7-12). 

C.  Mf)0  MACIIINEGUN  DUPLEX  AMMUNITION  EXPERIMENT 

The  MOO  bipofi  and  tripod  machinegun  mixes  that  had  originally  fired 
during  the  Septcmlior-December  1965  experimentation  period  fired  each 
of  tlie  three  machinegun  situations  again  in  January  1966.  At  that  time, 
half  of  each  mix  fired  ball  ammunition  and  the  other  half  duplex.  Both 
halves  used  a  mixture  of  one  tracer  to  four  rounds  of  nontracer  ammuni¬ 
tion. 


Results  are  presented  below  in  two  tables.  Table  7-6  presents  the 
raw  scores  of  the  duplex  squad  compared  to  the  control  squads  firing  ball 
ammunition.  Scores  are  given  for  squads  using  bipod  machineguns  (UE) 
and  squads  using  tripod  machineguns  (UF)  for  each  of  the  three  machine- 
gun  situations  (Situation  3,  fire  support  of  the  assault;  Situation  6,  fire 
support  of  the  advance;  Situation  9,  defense  against  attack).  These  raw 
scores  represent  small  sample  sizes  (three  squads)  and  the  scores 
obtained  after  having  alre.ady  fired  the  various  situations  previously.  To 
reduce  the  effects  of  inherent  squad  variabilities  and  put  the  scores  in  a 
format  that  would  give  the  best  estimate  of  what  scores  would  have  been 
obtained  by  all  squ.ads  of  the  mixes  if  they  had  fired  duplex  instead  of 
ball  on  their  first  firing  in  each  situation,  the  scores  were  mathematically 
adjusted  to  eliminate  the  effects  of  learning  and  squad  proficiency 
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Table  7-4 


RAW  SCORE  RESULTS 
(Automatic  Rifle  Duplex  Experiment) 


Effectiveness 

Measures 

Ammunition 

f. 

P 

Dup 

ex 

Ball 

X 

SD 

X 

SD 

Situation  1  -  Rifle  Squad  in  Line  Assault 

CET  (min.) 

24.73 

2.12 

26.07 

0.60 

1.06 

0.18 

Near  Misses 

562.67 

53.38 

288.00 

4.36 

.006 

Sustainability 

72.67 

6.27 

65.93 

1.56 

.10 

Targets  Hit 

5.29 

0.64 

2.83 

2. 10 

.05 

Total  Hits 

5.66 

1.28 

2.83 

1.93 

2.12 

.05 

Situation  2  -  Rifle  Squad  as  Base  of  Fire  Supporting  the  Assault 


CET  (min.) 

77.06 

1.01 

82.09 

6.43 

1.34 

.13 

Near  Misses 

258.3 

36.68 

250. 17 

13.01 

0.34 

.38 

Sustainability 

7.23 

7.07 

11.73 

7.80 

0.74 

.23 

Targets  Hit 

11.33 

1.15 

9.33 

2.31 

1.34 

.13 

Total  Hits 

11.33 

1.15 

9.33 

2.  31 

1.34 

.13 

Situation  4  -  Rifle  Squad  in  Approach  to  Contact 

CET  (min.) 

1.82 

0.093 

1.87 

0.11 

0.62 

.29 

Near  Misses 

— 

— 

— 

— 

— 

— 

Sustainability 

21.10 

24.13 

27.0 

.03 

>  .40 

Targets  Hit 

33.  33 

1.15 

1.5 

2.71 

.03 

Total  Hits 

69.00 

6.  24 

43.67 

1.2 

6.91 

.002 
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Table  7-4 

RAW  SCORE  RESULTS 

(Automatic  Rifle  D<4)lcx  Experiment)  (Concluded) 


ERectiveneae 

Measures 

Ammunition 

t 

P 

Dup 

cx 

Ball 

X 

SD 

X 

SD 

Situation  5 

-  Rifle  Squad  as  a  Base  of  Fire  Supporting  the  Advance 

CET  (min.) 

38.50 

8.44 

37.80 

2.6 

>  .40 

Near  Misses 

141.67 

107. 39 

173.  33 

40.8 

.33 

Subtainability 

47.60 

4.16 

56.57 

6.8 

.07 

Targets  Hit 

7.33 

4.58 

7.67 

4.2 

.33 

Total  Hits 

7.33 

5.13 

8.67 

4.2 

0.351 

Situation  7  -  Rifle  Squad  in  Defense  Against  Attack 

CET  (min.) 

^.’iz 

1.1 

5.3 

" - 1 

.4 

.37 

.37 

Near  Misses 

— 

— 

— 

.. 

— 

Sustainability 

65.6 

1,0 

61.0 

5.5 

1.44 

.11 

Targets  Hit 

50.8 

2.4 

48.7 

4.2 

.78 

.21 

Total  Hits 

99.8 

12.8 

77.8 

3.5 

2.86 

.02 

Situation  8  -  Rifle  Squad  in  Night  Defense  Against  Attack 

CET  (min.) 

6.6 

.34 

6.73 

.59 

.37 

,37 

Near  Misses 

— 

— 

— 

— 

— 

Sustainability 

1.0 

1.7 

4.0 

3.6 

1.30 

.13 

Targets  Hit 

14.7 

1.5 

15.0 

3.0 

.17 

>.40 

Total  Hits 

30.3 

4.9 

27.7 

6.8 

.55 

0,31 

Table  7-5 


EXPECTED  DUPLEX  SCORES 
(Automatic  Rifle  Duplex  Experiment) 


Effectiveness 

Measures 

Original  Ball  Ammunition 
Score  (UD) 

Expected  Duplex  Score 

Situation  1  -  Rifle  Squad  In  Live  Assault 

CET  (min.) 

25.5 

22.5 

Near  Misses 

203.3 

402.5 

Sustainability 

43.4 

59.4 

1 

Targets  Hit 

2.9 

7.5 

Total  Hits 

2.9 

7.5 

Situation  2  -  Rifle  Squad  as  Base  of  Fire  Supporting  die  Assault 

CET  (min.) 

78.6 

75.4 

Near  Misses 

272.0 

227.1 

Sustainability 

7.8 

25.9 

Targets  Hit 

8.8 

7.6 

Total  Hits 

9.5 

7.8 

Situation  4  -  Rifle  Squad  in  Approach  to  Contact 

CET  (min.) 

2.1 

1.9 

Near  Misses 

— 

— 

Sustainability 

42.0 

46.2 

Targets  Hit 

27.8 

34.9 

Total  Hits 

38.6 

76.3 

Table  7-5 


EXPECTED  DUPLEX  SCORES 
(Automatic  Rifle  Duplex  Experiment)  (Concluded) 


Effectiveness 

Measures 

Original  Ball  Ammunition 
Score  (UD) 

Expected  Duplex  Score 

Situation  5 

-  Rifle  Squad  as  Base  of  Fire  Supporting  the  Advance 

CET  (min.) 

40.3 

43.7 

Near  Misses 

125.5 

83.5 

Sustainability 

52.1 

43.8 

Targets  Hit 

6.5 

4.2 

Total  Hits 

6.7 

4.2 

Situation  7  -  Rifle  Squad  in  Defense  Against  Attack 

CET  (min.) 

6.8 

8.0 

Near  Misses 

— 

— 

Sustainability 

43.1 

37.5 

Targets  Hit 

44.9 

42.7 

Total  Hits 

70.2 

80.9 

Situation  8  -  R^fle  Scpiad  in  Night  Defense  Against  Attack 

CET  (min.) 

7.6 

7.8 

Near  Misses 

— 

— 

Sustainability 

38.1 

32.1 

Targets  Hit 

15.3 

8.3 

Total  Kits 

19.2 

16.7 

Table  7-6 

RAW  SCORE  RESULTS 
(Machlncgun  Duplex  Experiment) 


Effectiveness 

Ammunition 

P 

Duplex 

Ball 

t 

X 

SD 

X 

SD 

Situation  3  - 

Fire  Support  of  Assault  Mix  UE, 

M60  Bipod  Machinegun 

CET  (min.) 

80.90 

6.40 

94.36 

3.07 

3.284 

.017 

Near  Misses 

352.0 

53.36 

249.7 

36. 12 

2.751 

.026 

Sustainability 

41.45 

8.09 

50. 70 

17.45 

0.833 

.227 

Targets  Hit 

9.33 

0.579 

4.67 

2.08 

3.738 

.010 

Total  Hits 

10.67 

0.579 

4.67 

2.08 

4.813 

.005 

Mix  UF,  M60  Tripod  Machinegun  (with 

T&E  mechanism) 

CET  (min.) 

83.79 

4.50 

95.42 

5.73 

2.765 

.025 

Near  Misses 

371.3 

78.47 

324.3 

51.21 

0. 864 

.218 

Sustainability 

50.20 

13.50 

27. 16 

7.  39 

2.593 

.032 

Targets  Hit 

9.67 

3.11 

3.67 

2.08 

2.778 

.025 

Total  Hits 

12.33 

2.58 

4.33 

3.21 

3.365 

.016 

Situation  6 

-  Fire  Support  of  the  Advance 

Mix  U£  -  M60  Bipod  Machinegun 

CET  (min. ) 

58.67 

2.00 

59.69 

5.30 

.387 

Near  Misses 

307. 33 

68.30 

270. 33 

102. 08 

0. 522 

.316 

Sustainability 

69.43 

15.06 

65.93 

12.47 

0.310 

.387 

Targets  Hit 

11.67 

3.79 

10.35 

3,  06 

0.475 

.332 

Total  Hits 

12.33 

4.04 

12.33 

3.  06 

0.000 

>.40 

Table  7-6 


RAW  SCORE  RESULTS 
(Machlncgun  Duplex  Experiment)  (Concluded) 


Effectiveness 

Measures 

Ammunition 

rXipIex 

Ball 

t 

P 

X 

1  SD 

X 

SD 

Situation  6 

-  Mix  UF.  MOO  Tripod  Machinegun 
(no  TitE  mechanism) 

CET  (min.) 

62.94 

2.11 

59.77 

1.72 

2.018 

.060 

Near  Misses 

240.67 

48.81 

325.33 

94.32 

1.381 

.122 

Sustainability 

66.83 

1.45 

60.20 

10.25 

1.110 

.166 

Targets  Hit 

6.00 

3.00 

13.33 

4.93 

2.20 

.047 

Total  Hits 

6.67 

2.52 

14.67 

7.23 

1.809 

.027 

Situation  9 

-  Defense  Against  Attack  Mix  UE, 

M60  Bipod  Machinegun 

CET  (min.) 

8.36 

1.24 

8.75 

1.22 

0.388 

.361 

Near  Misses 

— 

~ 

— 

— 

— 

— 

Sustainability 

79.8 

2.79 

88.6 

1.74 

4.635 

.005 

Targets  Hit 

42.33 

1.39 

38.67 

5.51 

1.116 

.165 

Total  Hits 

83.67 

6.11 

61.33 

14.47 

2.463 

.037 

Mix  UF,  M60  Tripod  Machinegun  (no  TtE  mechanism) 

CET  ;mln.) 

7.52 

0.51 

7.45 

0.35 

0.196 

>.400 

Near  Misses 

— 

— 

— 

— 

— 

— 

Sustainability 

79.2 

4.31 

84.2 

3.44 

1.570 

.097 

Targets  Hit 

43.00 

1.00 

45.00 

3.46 

0.962 

.196 

Total  Hits 

91.33 

13.58 

63.67 

8.39 

3.002 

.022 

Situation  4 


I  MtaCD 


Ttmm 


Situation  5 

Figure  7-10  (Concluded) 
CXJMULATIVE  NUMBER  OF  TARGETS  HIT 


Situation  7 
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Situation  8 

Figure  7-11  CUMULATIVE  EXPOSURE  TIME 
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Figure  7-12 

NUMBER  AND  DISTRIBUTION  OF  NEAR  MISSES— SITUATION  1 
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Figure  7-12  (Continued) 

NUMBER  AND  DISTRIBUTION  OF  NEAR  MISSES— SITUATION  2 
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Number  of  Near  IlUaea 


variable  (expected  duplex  scores).  These  results  are  the  most  meaning¬ 
ful,  precise,  and  valid  of  the  two  sets.  However,  the  results  and  conclu¬ 
sions  drawn  from  them  prove  almost  identical,  regardless  of  the  set  (raw 
scores  or  adjusted  scores)  used.  Distribution  of  hits  and  near  misses 
(not  adjusted)  are  also  provided  (Figures  7-13  through  7-15). 

Table  7-7  shows  expected  duplex  scores.  These  are  the  scores  that 
would  have  been  expected  if  the  machlnegun  squads  had  fired  duplex  in¬ 
stead  of  ball  ammunition  during  their  first  firing  of  the  various  situations. 
The  first  firing  scores  were  adjusted  by  appl5ring  mathematical  corrections 
derived  from  the  first  and  second  firing  scores  of  all  six  squads  of  the  mix 
(squads  firing  duplex  and  squads  firing  ball) .  These  expected  duplex 
scores  are  directly  comparable  and  each  represents  the  contribution  of 
all  six  machinegun  squads  of  each  mix, 

la  Table  7-6,  the  probability  values  (p)  have  been  computei  using  a 
two-sample  t-statistic.  (See  page  3-3  for  explanation  of  probability 
values.) 

In  firing  supporting  fires  at  concealed  and  partially  concealed  targets 
(primarily  distributed  area  fire)  at  a  300  meter  range  (Situation  3)  duplex 
ammunition  proved  superior  to  ball  ammunition  for  both  bipod  and  tripod 
machineguns  in  target  effects  and  overall  effectiveness.  While  being 
fired  at  visible  point  targets  (Situation  9)  at  ranges  of  45  meters  to  320 
meters  duplex  ammunition  proved  superior  to  ball  in  target  effects  and 
overall  effectiveness.  Thus,  the  experimental  results  indicate  that  for 
both  the  bipod  and  tripod  machineguns,  at  ranges  out  to  300  meters  in 
both  point  fire  and  distributed  area  fire,  duplex  ammunition  is  superior 
to  ball  ammunition.  However,  at  ranges  of  450  meters  to  750  meters 
(Situation  6)  ball  ammunition  proved  superior  to  duplex  for  both  bipod 
and  tripod  machineguns  firing  primarily  distributed  area  fire  but  with 
some  aimed  point  fire  whenever  an  actual  target  appeared. 

Results  indicate  therefore  that,  for  the  machinegun,  duplex  ammuni¬ 
tion  is  superior  at  ranges  out  to  300  meters  while  ball  ammiuiition  is 
superior  at  ranges  beyond  450  meters.  At  an  unloiown  point  somewhere 
between  300  and  450  meters  the  effectiveness  of  ball  ammunition  for 
machineguns  surpasses  that  of  duplex. 
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Table  7-7 


EXPECTED  DUPLEX  SCORES 
(Machlnegun  Duplex  E:q)erlment) 


Effectiveness 

Measures 

Original  Ball 
Ammunition  Score 

Expected  Duplex  Score 

Situation  3  - 

Fire  Support  oT  Assault  Mix  UE,  M60  Bipod  Machlnegun 

CET  (min.) 

92.6 

82.83 

Near  Misses 

246.4 

277.18 

Sustainability 

51.2 

42.11 

Targets  Hit 

4.2 

7.66 

Total  Hits 

5.0 

8.67 

Mix  UF,  M60  Tripod  Machlnegun  (with  T&E  mechanism) 

CET  (min.) 

87.8 

75.61 

Near  Misses 

273.8 

343.49 

Sustainability 

41.8 

51.20 

Targets  Hit 

6.8 

21.85 

Total  Hits 

7.8 

22.30 

Situation  6  -  Fire  Support  of  the  Advance 

Mix  UE,  M60  Bipod  Machlnegun 

CET  (min.) 

63.6 

65.56 

Near  Misses 

228.0 

220.64 

Sustainability 

78.5 

82.31 

Targets  Hit 

6.0 

4.32 

Total  Hits 

7.0 

3.51 
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Table  7-7 


EXPECTED  DUPLEX  SCORES 
(Machinegun  Duplex  Experiment)  (Concluded) 


Effectiveness 

Measures 

Original  Ball 
Ammunition  Score 

Expected  Duplex  Score 

Situation  6  - 

Mix  UF,  M60  Tripod  Machinegun  (no  T&E  mechanism) 

CET  (min.) 

56.5 

52.91 

Near  Misses 

308.2 

261.05 

Sustainability 

65.5 

66.91 

Targets  Hit 

12.2 

7,43 

Total  Hits 

13.8 

7.10 

Situation  9  -  Defense  Against  Attack 

Mix  UE,  M60  Bipod  Machinegun 

CET  (min.) 

9.1 

8.36 

1 

Near  Misses 

! 

i 

Sustainability 

88.1 

78.95  i 

Targets  Hit 

39.3 

43.67 

Total  Hits 

65. 1 

78.27 

Mix  UF,  MfiO  Tripod  Machinegun  (no  T&E  mechanism) 

CET  (min.) 

S.O 

7.21 

Near  Misses 

— 

— 

Sustain.ability 

79.  9 

82.74 

Targets  Hit 

43.1 

40.39 

Total  Hits 

67.0 

83.85 

Ammunition 
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Figure  7-13 

CUMULATIVE  NUMBER  OF  TARGETS  HIT— SITUATION  3 


i ' 
1  : 


1  I 


34 


Number  of  Tergets  Hit  Number  of  Targets  Hit 


Figure  7-13  (Concluded) 

CUMULATIVE  NUMBER  OF  TARGETS  HIT— SITUATION  6 
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Figure  7-14  NUMBER  AND  DISTRIBUTION  OF 
NEAR  MISSES— SITUATION  3 
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Figure  7-14  (Concluded) 

NUMBER  AND  DISTRIBUTION  OF  NEAR  MISSES—SITUATION  6 
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Figxire  7-15 

XPOSURE  TIME— SITUATION  9 
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SECTION  vin 


LETHALITY  DATA  IMPLICATIONS 


Pertinent  lethality  data  were  analyzed  and  studies  performed.  This 
included  a  review  and  analysis  of  the  literature  from  1928  to  the  present. 

Current  existing  lethality  data  were  carefully  evaluated  in  relation  to 
existing  5.  56mm  and  7. 62mm  ball  ammunition  and  the  candidate  weapons 
used  in  the  USACDCEC  SAWS  experiment.  As  a  result  of  this  analysis  by 
a  team  of  military  and  medical  personnel  and  operations  analysts,  it  is 
concluded  that  considerations  of  lethality  support  the  USACDCEC  conclu¬ 
sions  presented  in  Section  IX  of  this  report. 

A  summary  and  analysis  of  the  lethality  data  appears  in  Anne.x  E, 
Small  Arms  Lethality. 
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SECTION  DC 
CONCLUSIONS 


These  conclusions  are  derived  from  analyses  of  the  results  presented 
in  Sections  IV,  V,  VI,  and  VII.  The  terms  "target  effects,"  "sustainability," 
and  "overall  effectiveness"  are  used  as  defined  and  illustrated  in  Section 
n  and  III. 

1 .  Rifle  squads  armed  with  low  muzzle  Impulse  weapons  are  markedly 
superior  in  overall  effectiveness  to  rifle  squads  armed  with  high  muzzle 
impulse  weapons. 

2.  Rifle  squads  armed  with  Colt  weapons  and  rifle  squads  armed  with 
Stoner  weapons  are  approximately  equivalent  in  target  effects  achieved. 

3.  Because  of  the  lighter  system  weight  and  related  advantages  in 
sustainability,  rifle  squads  armed  with  Colt  weapons  are  superior  to  squads 
armed  with  Stoner  weapons. 

4.  Rifle  squads  equipped  only  with  Colt  automatic  rifles  appear 
superior  to  all  other  squads  evaluated  in  overall  effectiveness.  Further 
testing  of  this  hypothesis  and  evaluation  should  be  undertaken. 

5.  The  hypothesis  that  the  most  effective  squad  is  a  squad  equipped 
with  Colt  rifles  with  XM148  grenade  launchers  attached  (to  provide  a 
SPIW-type  dual  "area  fire-point  fire"  capability)  is  promising  and  should 
undergo  further  testing. 

6.  Hypotheses  that  high  muzzle  impulse  weapons  are  superior  to  low 
muzzle  impulse  weapons  at  longer  ranges  (300  to  550  meters)  are  not 
supported. 

7.  Hypotheses  that  lightweight  rifles  with  high  sigttts  and  straight 
stocks,  such  as  the  M16E1,  are  inferior  or  inadequate  in  pointing  fire 
are  not  supported. 

8.  Low  muzzle  impulse  weapons  are  superior  to  hi^  muzzle  Impulse 
weapons  in  both  automatic  and  semiautomatic  fire  in  night  firing  in  the 
defense. 

9.  A  squad  equipped  only  with  M14  rifles  is  superior  to  a  squad 
equipped  with  any  other  single  US  7.62mm  weapon,  or  combination  of 
these  weapons. 
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10.  The  M14E2  automatic  rifle  is  unsatisfactory  in  overall  effective- 
ccss  for  use  in  the  rifle  role  in  the  rifle  squad. 

11.  It  cannot  be  concluded  that  the  low  target  effects  of  the  AK47  rifle 
in  the  USACDCEC  SAWS  Field  Experiment  are  indicative  of  the  performance 
of  the  AK47  rifle  in  general.  * 

12.  The  AK47  rifle  (Soviet,  East  German  and  Chinese  Commimlst)  is 
significantly  more  reliable  than  any  US  7.62mm  or  5. 56mm  weapon. 

13.  The  M60  machlnegun  is  not  suitable  for  use  in  the  rifle  squad 
because:  1)  the  system  wei^t  requires  a  two-man  crew;  2)  the  sustain¬ 
ability  of  the  weapon  is  marginal,  even  with  a  two-man  crew;  and  3)  the 
size  and  weight  of  the  weapon  make  it  extremely  difficult  to  manage  in  a 
moving  firing  situation. 

14.  The  low  muzzle  impulse  machlnegun  is  a  feasible  weapon  of 
incorporation  into  the  rifle  squad  in  the  conventional  automatic  rifle  role, 
or  into  a  new  squad  organization  context  in  the  machlnegun  role. 

15.  The  5.56mm  Stoner  machlnegun  is  judged  to  have  a  high  reliabil¬ 
ity  potential. 

16.  The  standard  5.56mm  ammunition  provided  for  the  experiment 
is  not  satisfactory  because  of  fouling  characteristics,  the  pressure  mis¬ 
match  of  propellants  in  the  ball  and  tracer  cartridges,  and  primer  sen¬ 
sitivity.  These  ammunition  deficiencies  are  judged  readily  correctable. 

17.  The  5. 56mm  machlnegun  belt  links  provided  for  the  experiment 
were  not  made  to  design  specifications  and  are  not  satisfactory  for  use 
with  the  Stoner  machlnegun.  This  deficiency  is  readily  correctable. 

18.  Neither  the  7.62mm  nor  the  5.56mm  tracer  rounds  are  considered 
satisfactory  for  use  by  the  firer  in  adjusting  fire  during  daylight  hours. 

19.  For  aimed  fire  on  visible  point  targets  during  daylight,  semiauto¬ 
matic  fire  is  superior  to  automatic  fire.  This  is  true  for  all  rifles,  both 
low  and  high  muzzle  impulse.  This  does  not  imply,  however,  that  auto¬ 
matic  fire  may  not  be  superior  in  suppression  effects  and  hits  on  adjacent 
concealed  targets. 

20.  At  ranges  of  less  than  500  meters  duplex  ammunition  under  most 
circumstances  provides  a  significant  increase  over  simplex  ball 


*  The  nine  AK47  rifles  used  in  the  experiment  were  shared  by  all 
experimentation  subjects.  Amoimt  of  use  of  the  weapons  before  the 
experiment  was  unknown,  and  a  variety  of  types  of  foreign  ammunition 
was  used  in  the  experiment. 
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ammunition  in  the  number  of  targets  hit,  the  number  of  total  hits  on 
targets  that  are  hit,  the  timeliness  of  hits,  and  the  number  of  near  misses 
as  an  indication  of  suppression.  Under  no  circumstances  does  its  use 
significantly  decrease  effectiveness  at  ranges  of  less  than  500  meters. 

21.  Duplex  ammunition  is  most  effective  at  close  ranges  with  its 
advantage  in  effectiveness  over  simplex  ammunition  decreasing  as 
range  increases. 

22.  The  concept  of  duplex  ammunition  applies  equally  to  7.62mm 
and  5.56mm  ammunition. 

23.  Considerations  of  the  relative  lethality  of  5.56mm  and  7.62mm 
ammunition  (with  the  possible  exception  of  duplex)  support  all  of  the 
CDCEC  SAWS  conclusions.  It  is  concluded  that  there  are  no  tactically 
significant  differences  between  5.56mm  and  7.62mm  ammunition  per 
round  of  ammunition;  however,  5.56mm  ammunition  is  significantly 
superior  to  7.62mm  ammunition  in  lethality  per  pound  of  ammunition  or 
per  basic  load  carried  by  the  soldier. 


